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Foreword

This report explains the procedure used to compute the disturbance torques
affecting the Mariner IV and Mariner V spacecraft during selected periods of
flight and presents representative computer printouts showing these torques and
the resulting spacecraft limit cycles.

More extensive examples of the computer printouts, which provide more com-
plete quantitative information, are given in the Addendum to this report
(TR 32-1305, Addendum: Mariner IV and V Disturbance Torques and Limit
Cycles).
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Abstract

The disturbance torques acting upon the Mariner IV and Mariner V spacecraft
during cruise mode operation are described. The history of the spacecraft rota-
tional motion was obtained by processing sun sensor and Canopus sensor telemetry
data, which were used in conjunction with the spacecraft dynamics to obtain
qualitative and quantitative disturbance torque characteristics. Interval analysis
was used to account for quantization error introduced by the telemetry system.
This procedure, together with the assumption of parabolic limit eycles, established
definite upper and lower bounds on the disturbance torques at any time.

Data for both Mariner IV (Mars 1964) and Mariner V (Venus 1967) indicate
that low disturbance torques are present for both spacecraft. Mariner IV has a
comparatively large (between 10 and 30 dyn-cm), slowly varying bias torque
(apparently a solar torque) as well as a smaller component which changes by
as much as 3-5 dyn-cm when a control valve fires. A small restoring torque
(~% dyn-cm/mrad) in pitch and yaw indicates that the spacecraft is stable about
the sun line.

Mariner V is symmetrical about the sun line and hence does not have a large
bias solar torque. Since there are no solar vanes, the solar restoring torque is also
considerably smaller. However, the disturbance torque, which varies randomly
with valve firing (by as much as 2-3 dyn-cm), is present.
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Mariner IV and V Disturbance Torques and Limit Cycles

l. Introduciion

The limit cycle operation of a spacecraft bang-bang
three-axis attitude control system under conditions of
constant bias torque and large ratios of control torque to
disturbance torque is well understood. However, a space-
craft with a similar attitude control system in interplane-
tary travel (cruise) is subject to different conditions. This
report presents the disturbance torques acting on such a
spacecraft as well as the spacecraft response. Since this
is the first time that such data have been available, they
should provide material for advances in the state of the
art for three-axis stabilized interplanetary cruise attitude
control systems.

A. Mariner Attitude Control System

Mariner spacecraft are attitude-stabilized with respect
to the sun and the star Canopus. The attitude control sys-
tem is described in Ref. 1. Briefly, the system is a bang-
bang three-axis-stabilized attitude control system using
the sun and Canopus as references.

Shortly after launch and again after the midcourse ma-
neuvers, the attitude control system operates in the acqui-
sition mode to attain the following spacecraft orientation,
which is shown in Fig. 1.

(1) For a Venus (Mars) mission, Z (—Z) of the standard
XYZ spacecraft fixed coordinate system is coincident
with the sun vector S.
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(2) The X axis forms a constant angle (X axis clock
angle) with the S-Canopus vector C plane.

During the remainder of the flight (barring large dis-
turbances or commands from earth) the system operates
in the cruise mode to maintain this attitude. The solar
panels are then properly exposed to the sun, and the low-
gain antenna is pointed toward the earth.

Deviations from this nominal attitude are measured by
position sensors mounted on the spacecraft. Rotations
about the X axis (pitch) and the Y axis (yaw) are measured
by the sun sensors which put out error signals related to
the rotations. The Canopus sensor does not measure rota-
tions about Z but rather about an axis V (roll) which never
differs from Z by more than about 15 deg. This angle
changes during a flight as the direction of Canopus
changes relative to the spacecraft. For attitude control
purposes, this measurement is used along with those of
the sun sensors to establish angular position deadbands.
When the spacecraft rotates to the edge of a deadband,
cold gas thrusters are fired for a fixed minimum time
period (nominally 20 ms), applying a restoring torque
about the X, Y, or Z axis, depending upon which dead-
band limit was reached. Note that the system applies a
restoring torque about the Z axis to establish a deadband
about the V axis, If there are no null offsets in the sensors,
the deadbands are centered on the nominal attitude and
are approximately 1 deg wide for pitch and yaw and % deg
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Fig. 1. Mariner coordinate reference system

wide for roll. Cruise mode attitude control thus establishes

limit cycle rotational motion within the angular position
deadbands.

Although the gas systems are essentially the same on
Mariner IV and Mariner V, the torque environment in
which they operate is not. Unlike Mariner V, Mariner IV
is unsymmetrical about the sun vector, and, as a result,
unbalanced solar torques in pitch and yaw are compara-
tively large (between 10 and 30 dyn-cm). Solar vanes were
attached at the ends of the solar panels in an attempt to
reduce these unbalanced torques. Each time a thruster
fired, the appropriate vanes were stepped 0.01 deg in the
direction which decreased the unbalanced torque. How-
ever, the solar vanes were only partially successful and
hence the torque environment is not the same for both
spacecraft.

B. Telemetry Data

At the beginning of a Mariner mission, when the space-
craft is near the earth, data are sent at the high rate
(33% bits/s). Approximately 40 days into the mission, the
rate is cut to 8% bits/s. During cruise mode operation,
the output of the position sensors is sampled every 12.6
(50.4) s when transmission is at 33% (8%) bits/s. The out-
put is converted to a 7-bit data word (a binary number
between 0 and 127) by a data encoder on the spacecraft

and sent via the telemetry channel to tracking stations of
the Deep Space Network. Processing of these data to
obtain a history of the limit cycle motion in the X,Y,Z
system is discussed in Section II.

C. Spacecraft Dynamics

Consider a coordinate system X;, X,, X, fixed to the
spacecraft with its origin at the center of mass. In such a’
coordinate system, the rotational motion of the spacecraft
is governed by the following equations adapted from
Ref. 2.

Ma: = ‘Ba:]m' + wywz(]zz - ]yy) - ]wy (wzww - ‘:)y)
+ L. (E)z + oy a);,) -+ Iyz (a),z, —_ wg)

M, = o, ]y + ozon (I.m: =~ Jae) = Jyz (0p oy — d)z)

(1)
+ Ty (60 + 02 oy) + {0l — w2)
M,= ‘”z]zz + o Wy (Imt - ]zz) — Jea (wywz — 5»;)
+ ]ZII (‘:’y + Wy ‘Dz) — ]:cy (mf- - “’13)
or, in vector form,
T=J]Jb+oX]n (2)

where T is the vector torque, @ is the angular velocity
about the center of mass as seen from an inertial reference,
and J is the inertia matrix. That is,

X EA A
T dt de?
do, . | &,
=T a7 7
T ) &6, ©
[ 7? ] L dt | | de |

Iii = fmass (aii 7 — % x,-) dm
re=of+ a3+ 23

If X, X; X; are taken parallel to XYZ respectively,? then
the rotational motion in the X; X; X; system is the same
as that in the XYZ system.

"The inertia matrix J is used in Eq. (1), rather than the inertia ten-
sor I of Ref. 2, in .order that Eq. (1) can be written in the vector
form (Eq. 2).

*Since the origin of X, Y, Z is not at the center of mass, the two
systems differ by a translation.
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Since the nominal attitude changes slowly with respect
to an inertial reference as the spacecraft orbits the sun, as
explained above, the rotational motion measured in XYZ
(and hence relative to the nominal attitude) is not the
same as the rotational motion viewed from an inertial
reference. However, for purposes of determining distur-
bance torque levels, the difference between the two mo-
tions is negligible and the rotational motion in XYZ (or
equivalently X, X, X;) can be used in Eq. (2). Also, for
cruise-mode limit cycle motion, the magnitude of the
angular velocity is small enough to make the second term
on the right in Eq. (2) very small (usually on the order
of 0.01 dyn-cm). Hence the governing equation can be
simplified to

T=J&=]8 (4)

where ® is the angular acceleration measured relative to
the nominal attitude.

In Section II, & is determined as accurately as possible
from the position sensor telemetry data and substituted
into Eq. (4) to obtain the disturbance torque levels.

Il. Determination of the Disturbance Torques

Telemetry data from the position sensors provide a
rather crude record of the spacecraft rotational motion.
The central problem of this section is to reconstruct the
limit cycles as accurately as possible from these data.
Equation (4) can then be used to determine the distur-
bance torques.

As previously mentioned, the telemetry data provide a
list of data numbers (DN) at the sample times for each of
the position sensors. Here DN is the 7-bit data word used
in the telemetry. A plot of these raw data (called an
Edplot) is shown in Fig. 2. (The plot shows celestial sensor
data as they were received during the flight.) The best
data from all Deep Space Network tracking stations are
stored on the Master Data Library (MDL) tapes. Input to
a computer program that processes the raw data is ob-
tained from these tapes.

A. Position Sensor Calibration

Before the spacecraft is flown, the position sensors are
calibrated to determine the angular position-DN relation-
ship. For calibration purposes, DN can be considered to
be a continuous variable (which is later rounded off to an
integer value by the data encoder). The value of DN cor-

JPL TECHNICAL REPORT 32-1305

responding to a number of angular displacements (13 for
Mayriner V) is determined, and a polynomial is fitted to
these points. A typical calibration curve is shown in Fig. 3.

In addition to being sampled, the raw data are also
quantized, since only integer values of DN are sent via
the telemetry. Hence, a given DN indicates that the
angular position is within some interval. For example,
a DN of 64 in the pitch channel for Mariner V indi-
cates that the angular position is between —0.0944 and
+0.1488 mrad, a range corresponding to DN = 64.5 and
DN =63.5, respectively, on the calibration curve.

B. Single-Value and Interval Analyses

At this point, a single value (rather than an interval)
for the angular displacement could be obtained from the
calibration curve by assuming that the DN of the teleme-
try data is exact. The angular displacement would then
assume values from a discrete set; the values would, how-
ever, be contaminated with quantization errors. These
data could be processed to obtain displacements in the
XYZ system. When limit cycle curves are fitted to these
data, quantization errors would be expected to average
out. This is true to some extent, and this procedure is one
of those used in the data reduction.

Alternatively, the same computation is done using in-
terval analysis (Ref. 3). The displacements are then char-
acterized by an ordered pair corresponding to the interval
limits discussed earlier. Henceforth, either a barred vari-
able (e.g., T, @) or a bracketed ordered pair, i.e., [Upper,
Lower] will be used to denote an interval variable.

Several benefits of using interval analysis are:

(1) The intervals are overlapped to account for inaccu-
racies in data acquisition. For example, since the
data encoder cannot round off exactly, there is a
range of variables which may round off either way.
Also, there is electrical noise in the sensor output
(especially the Canopus sensor) which can .cause
transmission of an erroneous DN. In the example of
the Mariner V pitch channel, interval overlapping
results in the association of the displacement inter-
val [+0.1659 mrad, —0.1114 mrad] (correspond-
ing to DN = 63.43 and DN = 64.57 respectively on
the calibration curve) with a DN of 64. Other pitch
and yaw displacement intervals are also overlapped
by the amount cited in this example. Overlapping
for the roll displacements is discussed below in
Section C.
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(2) Because curves are fitted exactly by interval anal-
ysis, no further errors are introduced in this step.

Henceforth, computations are done by both single-value
and interval analysis. In each case, angular displacements
are determined from the raw data by the applicable
method.

C. Spacecraft Rotation in the XYZ Coordinate System

Recall that the position sensors measure rotations in the
XYV coordinate system, while the dynamical equations
hold in the X, X, X, system. Angular displacements in the
X, X; X; (or equivalently the XYZ) system are determined
from XYV rotations by the following set of equations.

0@ = 0@:
0,, = 01/
6, — cos a(f,sin 8 + 6, cos p) (Mars mission) ®
o = sina
#7 )6, — cosa (6,sin B — 6, cos p) (Venus mission)
sine

where « is the Canopus cone angle and B is the X axis
clock angle. These equations are accurate to first order
in the small angles 4,, 6,, and 8, and are easily derived by
geometrical arguments.
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D. The Limit Cycles

Figure 4 is a typical plot of angular position for the
X, Y, Z, and V axes at the sample times. For interval
analysis, a displacement interval is associated with each
point. The rotational motion of the spacecraft will now
be determined by fitting continuous curves to these data.

Consider limit cycle segments terminated by an atti-
tude control thruster firing on any one of the three axes.
As a starting point for the analysis it is assumed that T
is constant during each such segment. Equation (4) then
implies that the limit cycle segments are parabolas. Sub-
sequently, it will be established that there is, in fact, a
restoring torque, and therefore this assumption is not
strictly valid. However, this restoring torque is small
enough to be treated as a perturbation on the general
parabolic nature of the limit cycle segments. When parab-
olas are fitted to these segments by least squares and by
interval analysis, the following was observed: "

(1) The residuals of the least-squares fit appear to have
the character of quantization error only (see Fig. 5).

(2) The limit cycles were never so “nonparabolic” that
no parabola could be fitted through all the intervals
used {see Appendix A).

It can also be inferred that the disturbance torque com-
ponent about any one axis does not change significantly
during a complete limit cycle on that axis. However, a
thruster firing on any axis applies a significant torque to
the other two axes via inertial cross coupling and thruster
misalignment. Hence, the complete limit cycles are not
parabolic. If the misalignments were known, the torque
input due to firings on each axis could be determined
and the data adjusted to make the limit cycles appear
parabolic. However, since there is no information at this
time regarding thruster misalignment, the rotational mo-
tion was reconstructed by fitting parabolas to the limit
cycle segments. For purposes of ordinary analysis, the
standard least-squares method of curve fitting was used.
The method of fitting parabolas to the data using interval
analysis is discussed in Appendix A.

Since many of the segments do not contain enough
points for a meaningful curve fit, the record of rotational
motion contains time gaps. That is, when a limit cycle
segment contained less than 16 points for data at 8! bits/s
or less than 64 points for 33% bits/s, the torque interval
was so large (around 5 dyn-cm) that it was not worth the
effort of processing the data.
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Also, considerable overlapping of the roll displacement
intervals was necessary to allow for the large electrical
noise component in the output of the Canopus sensor.
A typical plot of Canopus sensor output vs angular dis-
placement (Fig. 6) reveals the character of this noise com-
ponent, while the sampled data plots (Fig. 4) show its
obvious effects (compare the noisy roll data with the pitch
and yaw data).

The displacement intervals for the roll axis were over-
lapped as follows: the angular displacement interval
associated with each DN of the telemetry data corre-

sponds to the range of values between DN +0.75 and
DN —0.75 on the calibration curve. Thus, for Mariner V,
the interval [2.236 mrad, 1.535 mrad], corresponding to
DN = 63.25 and DN = 64.75 respectively on the calibra-
tion curve, is associated with DN = 64.

As a consequence of this rather large overlapping, the
roll torque intervals tend to be large. However, it should
be noted that the scarcity of information regarding the
roll torque does not significantly affect the determination
of disturbance torque characteristics about the pitch and
yaw axis.
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lil. Character of the Disturbance Torques

The following amount of data was processed using a
computer program which reduces the MDL tape data:

(1) 6 days (days 361-366 of 1964) of the Mariner IV
mission at 33% bits/s.

(2) 28 days (days 102-129 of 1965) of the Mariner IV
mission at 8% bits/s.

(8) 12 days (days 172-183 of 1967) of the Mariner V
mission at 33% bits/s.

(4) The changeover from 33% to 8% bits/s for the
Mariner'V mission (days 204-214 of 1967).

Selected sequences of these data are presented in
Figs. 7-13. These particular sequences are typical of the
data acquired and are presented to illustrate the types
of behavior encountered. The two computer programs
used, the Lister program and the Data Reduction pro-
gram are reproduced in Appendix B.

A. Explanation of the Data

Rotations about the V and Z axes (denoted by O, roll,
and H, true roll, respectively) and the X and Y axes are
shown on the limit cycle plots. Disturbance torques are
computed by both of the previously mentioned methods
(least-squares and interval analysis parabola fits).

The heavy vertical lines denote the end of one limit
cycle segment and the beginning of the next. The loca-
tion of these lines was determined by a computer program
which sought particular patterns in the data points (only
points near the edge of the deadband were considered)
typical of an attitude control thruster firing. Since failure
to detect a firing resulted in a complete loss of torque data
for the limit cycle segment in question, the firing detec-
tion routine is purposely oversensitive. In many cases
(especially for data at 33% bits/s) more than one vertical
line may correspond to a single attitude control thruster
firing. This is necessary since it may be impossible to
assign a particular data point to a given limit cycle seg-
ment with complete certainty. Since limit cycle segments
with less than 64 (16) points for data at 33% (815) bits/s
are not processed, as explained above, the information
conveyed by these “ambiguous data points” is lost. (It
might be possible to recover this information by more
sophisticated analysis of each firing.) As an example of
“ambiguous points,” consider the firing on the yaw axis
at approximately 7 h, 59 min of day 362 (see Fig. 7). It is
impossible to assign all the data points to either the pre-
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ceding or following limit cycle segments, and thus some
points (those included between the two heavy vertical
lines) are not included in either segment.

In addition to the oversensitivity of the firing detection
routine, the curve-fitting routine also allows for this “un-
certainty of firing time” by not using the end points for
curve-fitting purposes. As an example of the difficulties
that arise when a firing is not properly detected, consider
the limit cycle segment separated by the pitch firing at
approximately 12 h, 19 min of day 366 (see Fig. 8). At
first glance, it appears that any ambiguous points have
been excluded. The first hint of trouble is the fact that
the torque (for the pitch axis) as determined by the least-
squares fit does not fall within the torque interval deter-
mined by interval analysis. (Unless something is amiss, the
least-squares torque falls within the torque interval.)
Looking further, it can be deduced that a double firing
has occurred. The change in angular velocity caused by a
single firing is constant. In this case the change is approxi-
mately twice this minimum constant. This is easily seen
by comparison with a single firing; e.g., the firing on the
pitch axis at approximately 10 h, 50 min of the same
day (see Fig. 9). The broken vertical line indicates where
the limit cycle segment should have ended. The data
points between this line and the heavy vertical line on
the right should not have been included in the limit cycle
segment. Inclusion of these points resulted in the com-
putation of torque levels which were obviously erroneous.

Selection of the firing detection routine was then a
trade-off between (1) including as many points as possible
in each limit cycle segment so as to get as much informa-
tion as possible, (2) avoiding cases of erroneous torque
levels resulting from including too many points, and
(3) simplicity of the routine to keep computation time
to a minimum.

Since the character of the disturbance torques is some-
what different for each spacecraft, we consider the two
separately.

B. Mariner 1V Disturbance Torques

Figures 7-12 pertain to the Mariner IV flight. The first
conclusion that can be drawn is that a restoring torque
of approximately % dyn-cm/mrad is present on the pitch
and yaw axes. That is, a torque proportional to the angu-
lar displacement reaches a magnitude of 1 dyn-cm at the
edge of the deadband. The presence of this restoring
torque is established by considering a long limit cycle
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which is divided into a number of limit cycle segments
by firings on the other axes. Consider the pitch limit cycle
beginning at around 23 h, 35 min of day 361 (see Fig. 10).
Torque levels are computed for four limit cycle segments
before the pitch attitude control thrusters fire again at
approximately 1 h, 23 min of day 362. The two middle
segments have rms torque levels that are about 1 dyn-cm
less than those of the end segments. This pattern is con-
sistent on all such long limit cycles, many of which can
be observed in the Addendum to this report.

In addition to this restoring torque, there appears to be
a bias torque (some part of which is probably a solar bias
torque) which changes in what appears to be a random
manner from one limit cycle to the next. This change in
torque level can be observed in Fig. 7 accompanying the
pitch firing at about 8 h, 51 min of day 362, where a
change of about 1 dyn-cm is noted. Another example
occurs at the pitch firing at 14 h, 58 min on day 362
(see Fig. 11).

Relatively large changes in bias torque over long
periods can be noted by comparing the torque levels of
Figs. 7-11 with those of Fig. 12, which gives torque levels
some 3 months later. The change is most apparent for the
pitch axes, where a change of about 15 dyn-cm occurred.

C. Mariner V Disturbance Torques

Figure 13 pertains to Mariner V. In this case, the restor-
ing torque appears to be much smaller than the Mariner IV
restoring torque. It is tempting to assert that one can
deduce the presence of such a restoring torque from the
data. However, if such a restoring torque does exist, it is
smaller than the resolution of this data-reduction pro-
cedure. Changes in torque level on the order of 1 dyn-cm
were noted to accompany some of the valve firings. (See,
for example, the pitch valve firings of Fig. 13.) Not enough
data were processed for Mariner V to detect long-term
changes in torque level such as occurred on Mariner IV.

IV. Conclusions

Mariner IV has a comparatively large (~25 dyn-cm),
slowly varying bias torque (apparently a solar torque) as
well as a smaller component which changes when a con-
trol valve fires. This change may be as high as 3-5 dyn-em.

Mariner V is symmetrical about the sun line and hence
does not have a large bias solar torque. Since there are
no solar vanes, the solar restoring torque is also consid-

erably smaller. However, the disturbance torque, which

varies randomly with valve firing (by as much as
2-3 dyn-cm), is present.
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Fig. 9. Angular velocity change for a single thruster firing, Mariner IV, day 366, 1964. Time is in hours, minutes, and
seconds (GMT). Symbols: * = pitch; X = yaw; O = V-axis roll;
H = Z-axis roll; $ = superimposed data points
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Fig. 11. Torque change accompanying valve firing, Mariner IV, day 362, 1964. Time is in hours, minutes, and seconds
(GMT). Symbols: * = pitch; X = yaw; O = V-axis roll; H = Z-axis or true roll; $ = superimposed data points
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Fig. 12. Limit cycles at the low bit rate of 8'5 bits/s, Mariner IV, day 105, 1965. Time is in hours, minutes, and seconds
{GMT). Symbols: * = pitch; X = yaw; O = V-axis roll; H = Z-axis or true roll; $ = superimposed data points
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Fig. 13. Torque characteristics, Mariner V, day 183, 1967. Time is in hours, minuies, and seconds (GMT). Symbols:
* = pitch; X = yow; O = V-axis roll; H = Z-axis or true roll; $ = superimposed data points

JPL TECHNICAL REPORT 32-1305 45



: i : H i 1
N A T T T I (O A
PITCH Yhw fCLL
TCRGLE LIMITS ARE-~LPPER C.1238¢94CE C1 ~C.10822C11E C2 0.43166106E CC
g LCWER -0.1145C643F 01 -C.135614G1F C2 ~-€.1€794262E C2
TLRGUE BY LEAST SCUARES 0.289732831E CC ~0.11924713F C2 -C.€€551048E C1
fMS ERRLR CF PARﬂE» FIT C.1454776CE-C1 C.7681483CE-C1 C.2CT66808E CC ,
R IR I I I I R R T I I R I N N R I I S I I S B
H
i
+ + o 4 + P!
+ + + + + +
+ + + # + +
i-, UER
] ook Rk
* kW ok
L.
EERE R
x| & & A
| T ER R
+| + P R + +
w k| N %
;% % % ¥
* k% &K
! P }
i # & 0k ow
i #| &% ! i
H o k| H
#t:t*“- {
T ; + ; + + + + +
o odin v o
odrdz Lo !
P Ty raz
odedz | | drdzgrogxT
i d5 ><>q><><><><><>4 ><><>4<><><><>< Kxxx>dxxXxdxsdwA dzxryg Iz O [=H= =
X%XXXXK*I I | ! H > x> > x A X I
i g0 o i | rdrdrOdzrirdodIdoardoXdxydedqedoqdogdgogqog odao
i n I x| > x> X >
g 3 ] Iq.::III:odoDoaaco =} ‘ol 4 5 >4 5 >4
-+ = i of +! i + +, + H X > > x
:ccac odd icgod i i > >4
=4
's Y 1 1
Lo } | i |
] Lo | ‘
; i
+ ! + +| + +
# + + + + +
+ + + + + + !
bl e e b e A T dade B oala oo el e H el gy da e
~H ™~ < ~3
Ay - - N
« — o o ~ =
oy
wy B> g 0 g g

Fig. 13 (contd)

JPL TECHNICAL REPORT 32-1305



* H o X
. H 0 X
+ 5 + R T T T T T T ¥ X 9 %T 9
= H 0 X
5 H s X
. H 0 X
% H 2] X
* H 0 1
* H T X
H 0 X
H —5
. H o X
I+ ¥ + +H +0 + X 0 9
e H "0 X
* H D X
* - H O X
H B =
5 H (] X
* H 0
0 H 7o
* H 0
% + ¥ +H - +0 + %4 61 §
H [3]
H Q
* H 0
£ H 8}
- H 0
¥ v 0
- H qQ
T ¥ Fs F FH TF + 8% IT 9
* H o]
* H 3]
» H a X
* A o R
» H 0 X
: H o] X
. H 0 X
* H [3] X
+ H 0 X
. L - " b ¥ A2 1
* H 0 X
* H a X
* H 8] X
* H 3} k3
» H 0 b
¥ H U X
M H s) X
% H T X
» H ] X
¥ * + FH o+ X + TEET 9
» H O X
¥ H T X
» H Q X
* H kil X
» H 8] X
) H ) X
» H o X
s H o X
* H (2} X
¥ e F ¥R o+ X * o tTrE
* H 0 X
¥ H 0 X
£ H o X

Fig. 13 (conid)

47

JPL TECHNICAL REPORT 32-1305



b i i | i ! t ' A i ! | | 1 i | o t ] | |
PITCH YAW RCLL
TCRGUE LIMITS ARE--LPPER .24313705E G1 ~C.113€CEILE (2 ~C.7€499617E C1)
LCWER G.27851415€ 01 -C.118638CTE C2 ~C.77937392E C1 V
TCRGUE BY LEAST SCUARES €.2133236€6E C1 -C.11651734E C2 -C.732048396E€ C1 /
RM5 ERRLR CF PARAE FIT 0.74443196E~C) . G.763C152€E-Cl C.24941518E CC
§ q / /\r...
vy s e H v dod e o e qaoab ey e o g o e e g e ated o oab el e by d by HY e sha
+ 4 H 4 4 4
+ + + + +
»*
ki
LI + + + + +
L i
X ok 1
* % v
« ¥
! * ¥
i ltt_*‘
¢ i " ox
i i LR
' + i + # * »l' + + +
! S o o
! ‘ | | ‘#*t
] ! i * T I
i i i T T PR Ddxdzx oz
I 1 Hx T AeT T iz Iz
I ZoDxT-I Iz Iz T g TITogrm K | Trgyrstgogod
o == T e DI HT * 3
‘ + T +H e o} o + o CIC’GG“"?‘ g Qodo
i X | i ! dogo e * )
! : : ! ! =} [} gdodgoagodg o] o ok
oo q do !od Q0 ogog qQogq gog@go tt*‘
oczcdodg o o =) (s ] [=! )
+E ; + H + + +
i ! >
H | >4 %
i ; >4
} > x
5 b
>
> x
+! + + + >q > +
i >
i > >4
i ¢ 4
> g
=
>4
> >
+| + H > = - +
>4 >
3 3.3 > > g 3G =
> XK Radie B o B SR s I LI LR *x
> >G>
+| + H + + +
v e e sl e abe o Hee gl oo e o s Ao e ] ool e g o H g af ey
o o 3 g e o~ 1
— -] o « b ~
~0f oq [=| o ~3 hLe |
N N 1} LA ) o}
D) g g g g 0 1

Fig. 13 (conid)

JPL TECHNICAL REPORT 32-1305



Q H -
a H * -
O R * -

X 0 H # -

X 0+ H + * + %7219 F

X 0 H * -

X [4] H 3 -

X 0 H * -

X0 H * -

X 0 H * -

XU H *® -

X ] H * -

X a H & -

X 0 H * -

X 0+ B ¥ - ¥F + 8T 6% 9

X 0 H * -

X 0H * =

X0 M - -
X0 H * -~
X0 H * -
X0 H # -
X O H * -
$ H * -
X 0 H * -
F H + ¥ +eT 1% %

0 X H * -
0x H ] pn
0X H - -

OX H * =
0 XH * -
O0XH ¥ =
0 XH * -
§ H * =
OX H * -
[ IS 32 ¥ * + 9 Gh G
Ox H d -
U HY * -
0 HX ® -
0% * -
0 HX -
0OHR X -

0O H X -

0HYX # -

0 H X * -
OH+X s + 0 €% 9
0OH X * -

OH X =
OH X -
UH X r
OH X » -
OH X # -
OH X * -
UH XTw =
OH X * -
—OR+ R + 75 0%'9
¢ X = -
3 X = =
% X#* -
¥ ¥ -
$ =X -
¥ *X -
HO * X -
HO * X -
HO » X -
HO * ¥ FX ¥F By ELY
HO * -

Fig. 13 (contd)

49

JPL TECHNICAL REPORT 32-1305



[}

>
[ e )
rhxT

*|

3

1
X!X)JX
[
pus|
%
1

rThT
L.
i

{
> >4 3 >d > 24

¥ R TTL

[}
>

b=z
* ok Mok Ak
1

JPL TECHNICAL REPORT 32-1305

]
[ < >4 < >4 X

¥ FE7 LT

(=
god

I
nrxm

1
>4 5 >0 3 X X > X
* k x ko % M %
1

(=
r T

1
b B B

AN 33N

4
4
R
+

1
T IT g
+
R I
+|
+
-

Fig. 13 {contd)

doqg

i
i

i
i
>4><>q><><><
i
i
1
i

LI BE I
1

daogod

7T ¥ + + + 98y §

-
+
+
+
+

TOIT T
g | % % % %
1

S = R =

i
XK 24 X X X4 ] X

¥ ¥ + 0% €8 9

1
|
+i
> >4 % >
; 1
b
i
i
T
LR ST
]

nascdodoaood
o
+
+

|

|
pusj
{

i

|

i

{

= ow ok

1

50



¢
T T N AU T N N N U O N N O OO Y O O
PITCH YAk RCLL
TCRGUE LIMITS ARE-~-LPEER -0.19657025¢ QC -CaGG34777EE C1 ~0.52408660E CC
\ LCWER -0.2£596985E 01 -C.1307€4%9SE (2 ~C.18478362E C2
TCRGUE BY LEAST SCUARES -0.127€1098E O1 ~C.1158¢€342E C2 -C+£3514749E (1
\ R¥S ERRLR CF PARAE FIT 0.7€375632E-C1 C.753C2217E-C1 C.21581901E CC
A~ \ =
O B BT | B O I T B Y BT A T T O T | T T AT T S Y AT U 1 O ) AT I S AN T (A RS S IS IO B A IR Y IR ) I
+ + 4 + + +
+ + 4+ + + RE AR R R
*
| *
*
»
»*
* #
-
+ + +| + * #] +
»*
*
*
'i
*‘ § A o mIxT
t* Tz jx
* | i xdx
+ + + = + +x T 4 +
* r T
] T : T
* T x H
- T T :
* o Iz ; i
e T | i o d doo
* T 3T =] o coooco ccpoo o |o
x » drdx d '
Mg |14 g 4 =z ¥ og oogooo o + ‘o +
x >4 > > * rdroodoqoooood | i
XX |k M T : t
4 x4 |5do jo !
d odododo |lvdwdxx :
I # T = !
:dcc::zrz::.z* >4 :
# > % >4 : i
ogdo b= " & x >4 ! {
) 4 ‘*4»‘ + 4-><><><>q)< + + ‘ +]
IJJI. * 4. {
mt* ) % i
" > > ; i
# > >
* > =
= =
< <
+ * + +| x| % +
.
=
| p
Kﬁxx
>
> %
+ # + + + + > >
b4
+ + + + + +
Illllll’l!+llllll|!|+||lIIll|l+|II(|0|I|+I1I!|!III+|I||||l+|l|!|l
o o ~ 9 0 o
-y -4 o o L | ~H
i g o 3 3 K
™~ ~ ~ ~ | ~

Fig. 13 (conid}

JPL TECHNICAL REPORT 32-1305

5






543 lﬂG;;PAGE BLA

Appendix A

Fitting a Parabola by Interval Analysis

The problem can be stated as follows: given a set of N
discrete values of a variable (in this case, time) and an
interval (angular displacement) associated with each, de-
termine the interval parabola

§=ae+bt+¢ (A-1)

which passes through these intervals. Note that the inter-
val parabola is a third-order infinity of parabolas, every
one of which passes through the N intervals.

The interval parabola

g=xt+jt+7 (A-2)

which passes through the intervals (6;, 4;, ;) associated
with any three of the N values of the time (;,¢;,t) is
determined by the following equations:

T4+t +z=4;
I+ gt +2=4, (A-3)
B+ gt +Z= 0

where

iik=1,N

i£jEk
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That is,
x # t 1776
gl=1% & 1 ; (A-4)
z & 1 O

This equation is solved for every combination of N
sample points taken three at a time. The intersection of
all solutions yields @, b, c. If there is no parabola which
passes through all of these intervals, then the intersection

is empty.

As N increases, the number of equations (of the type
A-3) which must be solved increases rapidly:

N1

“w-gm &9

Number of equations = (g‘])

Therefore, it was necessary to judiciously select combi-
nations of sample points to be used. Since sample points
with the largest separation tend to give the most informa-
tion about the curvature (the torque level is determined
from the curvature), points used in Eq. (A-4) were se-
lected, one each from three groups of points: one centered
near the middle of the limit cycle segment and one near
each end. For data at 8% (33%) bits/s, a total of 11 (26)
points are included in the three groups; 5 (12) points in
the middle group and 3 (7) points in the others. Hence, the
interval parabola passes through 26 (or 11 if the bit rate
is 8% bits/s) judiciously selected intervals rather than all
N intervals. The improvement obtained by using all N
points did not justify the increase in computation time.
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Appendix B

Computer Programs

1. Discussion

The Lister program and the Data Reduction program
are discussed and reproduced in this Appendix. Both re-
quire a plotting routine. The routine used with the pro-
grams in this study was JPL T3.

A, Lister Program

The Lister program consists of a main ‘program and
ten subroutines that (1) read MDL tapes to select attitude
control data, (2) output these data in the form of printer
plots of angular position vs time, and (3) store the appro-
priate data on tape for use in the data-reduction program.

A description of the main program and the subroutines
follows.

1. Main program—$IBFTC ACL. This is essentially an
“indexing” program which calls the appropriate subrou-
tines to read one data record of MDL tape at a time and
then output the data.

2. Subroutines. The subroutines are as follows:

(1) $IBMAP SPLT—Splits data word into appropriate
data bits.

(2) $IBMAP CLOK2—-DSL/90 simulator clock.

(3) $IBMAP TIMR-Time converter.

(4) $IBMAP RDR—MDL tape reader.

(5) $IBFTC DECOM-—Decommutation of MDL data.

(6) $IBFTC MRVSDN—Canopus measurement correc-
tion.

(7) $IBFTC ANGLE—Block data used by MRVSDN.
(8) $SIBMAP PRPLT—Printer plot file.

(9) $IBFTC JPLT—Plot routine.
(10) $IBMAP URPLT4—Plotter.

Subroutines 5, 6, and 7 are specialized for Mariner IV
and Mariner V. That is, a slight variation of the same
program is needed to account for variations in the param-
eters of the two missions.
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This program has the following capability:

(1) It provides printer plots which approximate the
telemetry quantization level.

(2) It reads only the angular displacement channels
from the MDL tape: two sun sensors and the
Canopus sensor.

(3) By mathematically deducing true roll from the
three angular position measurements, it corrects for
the fact that the Canopus sensor does not measure
true roll.

(4) It writes the appropriate angular displacement data
on tape. This tape serves as an input to the Mariner
data reduction program.

B. Data Reduction Program

The Data Reduction program consists of a main program
and 18 subroutines that (1) detect attitude control thruster
firings and, in so doing, divide the angular motion data
into limit cycle segments; (2) fit parabolas to these seg-
ments by the least-squares and interval analysis methods;
(8) compute the torque levels using these curve fits, and
(4) compute the rate increments induced by the firings
when this is possible.

A description of the main program and the subroutines
follows:

1. Main program—$IBFTC MARDAT. This program
reads the tape input produced by the Lister program,
calls the appropriate subroutines to analyze the data, and
outputs the torque level and minimum rate increment
data.

2. Subroutines. The subroutines are as follows:
(1) $IBFTC PARINT—Interval analysis parabola fit.

(2) $IBFTC MAXVT—Multiplies a 3 X 3 matrix by a
3 X 1 interval vector.

(3) $IBFTC IDMT—Multiplies an interval by a scalar
constant,

(4) $IBFTC ISUBTR—Subtracts two intervals.
(5) $IBFTC IMULTP—Multiplies two intervals.
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(6) $IBFTC INTX~Finds the intersection of two in-
tervals.

(7) $IBFTC IDA—Adds two intervals.
(8) $IBFTC PARF-Least-squares fits a parabola.
(9) $IBFTC DECT—Detects thruster firings.

(10) $IBFTC PAT—Used by $IBFTC DECT; looks for
data point patterns typical of thruster firings.

(11) $IBFTC MATT—Inverts a2 3 X 3 matrix.

(12) $IBFTC CHECK—Checks for outages and bit errors
in the data.

(13) $IBFTC TRANSF—Multiplies a 3 X 3 matrix by a
3 X 1 matrix (linear transformation of a vector).

(14) $IBFTC RELT—Adds time in days, hours, minutes,
seconds format.

JPL TECHNICAL REPORT 32-1305

(15) $IBFTC MNRT—Computes the minimum rate in-
crement.

(16) $IBFTC MRVSDN—Calibrates the position sensor.

(17) $IBFTC IANG—Computes angular position inter-
vals from the data number.

(18y $IBFTC CANCOR—Corrects the Canopus mea-
surement.

(19) $IBFTC ANGLE-Block data for CANCOR and
IANG.

(20) $IBMAP PRPLT—Printer plot file.
(21) $IBFTC JPLT—Plot routine.
(22) $IBMAP URPLT4—Plotter.

Subroutines 16-19 are specialized for Mariner IV and
MarinerV.
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Il. Lister Program

$IBFTC ACL

C

C MARINER ATTITUDE CONTROL LISTER
C

nol DIMENSION TA(500) 9K (5)
DIMFNSION THI(3)
nn2 DATA IEHsMH,IEOF 4 IEND/6H100N0396H100004s6HINTEQCF s 6HENDTAP/
nn3 LOGICAL OK
nn4g DATA _(K(T)sI=145) / 6H2N0005,6H20N00696H20000756H200008,6H400000/
nneg INTEGER GYROsVDN{(3)
on7y REAL V{4)
nng NDEX=0
009 KC=0

C

C INPUT DATA TIME=RUNNING TIME

C IDAY=0UTPUT OF DATA STARTS AT BEGINNING OF THIS DAY
C

612 NAMELIST /CONTRL/ TIMEsIDAY
N13 CALL CLOCK(TLY .
nN1l4 READ (5,CONTRL)

020 1Q=0

n21 CALL STARTO

022 CALL OR

23 GYRO=2

N4 J=n

025 J=J+1

n26 JFE(NDEXeFQe Q) WRITE(6.126)J
n27 DO 117 1I=144

C " READ ONE RECORD OF MDL TAPE

028 CALL REAPER(TIAsN)
029  TF(N) 4044030

c LOOK FOR DATA RFCORD--321 WORDS

n3n IF(IA(2) «FQe IFH .0Rs IA(2) +FEQ. MH} GO TO 28
031 IF(IA(2) «NEe IEOF) GO TO 35
34 GO TO 28
n35 IF(IA(2) +FQe IEND) GO TO 28
036 DO 39 I=1,5
37 J0=1 _
n38 IF(IA(2) «EQ. K(I)) GO TO 42
039  CONTINUE
pan_ CALL CR
Nyl STOP
n42 IF(JQ .EQe &) GO TO 28
N4201 TF(NDFEXNELD)IGO TO 54
043 CALL TIMER(IA(3)sIDsIHRsIMs15)
044  1F(ID.LT.IDAYIGO TO 28

- 05101 WRITE (6128) IDsIHRsIMs IS
n52  WRITE (65129) '

C FIND SYNC

054 CALL‘DECOM(IA,VDN,I30,V3090K!122’V229GYR03ID,IHRQIM,IS)
062 DO 117 1J=1,10

c FIND AND STORE DATA FROM DESIRED CHANNELS

063 CALL GETTM(TAsVDNs130sV30s0Ks122sV¥223GYROsIDyIHRIMSIS)
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06300 IF(VDN{1)elTeleANDoVDN(2) el Tw1sANDSVDN{3)4LTel) GO TO 117

06301

DO 6302 JJ=1s3

06302 TH{JJ)=VDN(JJ}

CALL ANGPOS(THsVsID)

né8 IF{«NOT.0KIGO TO 80
n78 IF(1I30.EQe0)GO TO 80
079 CAN=V30 .
ngon IF(NDEXWNELO)GO TO 102
C
C DATA OQUTPUT
C .
101 ° WRITE(6+130)IDsIHRsIMsISsVI1)sV(2)sVI{3)aV(4)sCAN
102 WRITE(17) IDsIHRsIMsISs (VDN(KK) sKK=153) s CAN
103 TF{IQeEQeO0YWRITE(9+137)1ID
104 CALL JPLT3(12e59=12e530e30034sT1QsYsIHRsIM,IS)
105 IQ=1
117 CONTINUE
KC=KC+1
TF(KCaNEL3N)GO TO 118
NDEX=2
118 CALL CLOCK(T)
119 T=T=TL
120 IF(60N00*TIME = T) 121,121,25
121 CALL CR
122 CALL STOPY9
123 WRITE(6+9138)IDsIHRsIMsTSsVI1) sV {2)sV(3)sCAN
END FILE 17
125 STOP
126 FORMAT({1H1ls 25Xs46HATTITUDE CONTROL MARINER MDL LISTER ——~ PAGE>
$ 149
127 FORMAT(415)
128 FORMAT (/45X 9 3HDAY s T145s5H HOURs I3 s4H MINs I3s4H SECSI3)
129 FORMAT( /10X «68HDAY MR MIN SEC PITCH YAW ROLL TRU
& ROLL CAN CONFE)
130 FORMAT{IOX 91342Xs1344X21383Xs1302X93F Ta294XsFTe244X9FTe2)
133 FORMAT{1H1 /)
134 FORMAT (8015)
137 FORMAT(1H1/15Xs51HPLOT OF MARINER PITCH YAW AND ROLL CHANNELS IN M

SRAD5X s 12HSTARTING DAY 14///

$25X9s9H* = PITCH //25XsTHX = YAW //25X+8H0O = ROLL //
$25X518HH = CORRECTED ROLL //})

138 FORMAT (10X s 2"HLAST DATA ON TAPE 1S+41795Xs4F7e2)
END
$IRBMAP SPLT
¥
* CALL SPLIT{WORDsDN1sDN2)
*
ENTRY SPLIT
SPLIT SXA ENDs &4
CLA Lol
STA SXAL
CLA 504
STA SXA2
CAL#® R
LRS 18
AMA MASK T
St Lol
LLS 18
ANA MASK
EYREEY 5yt
CAL* 394

JPL TECHNICAL
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LXA PZEs4

COoM
PRT
SXAl SXA LEXYS
L.RS 17
LBT
SXA2 SXA HE L4
EMD AXT ¥l
TRA le4
PZE PZE 333
MASK oCT 000000000177
END
$IBMAP CLOK2
*
* DsL /9¢ SIMULATOR CLOCK
¥* .
ENTRY CLOCK
ENTRY CLOK?3
CLOCK ZFT FLAG
TRA ZFRO
CAL 5
ORA EXP
FAD . 21P
XCA
FMp SCALE
STO* 34
TRA ls4
ZERO STZ+* 394
5772 5
S5TZ FLAG
TRA lo4
CLOK3 ZAC
NZT FLAG
TRA OK
ST0 FLAG
STO 5
oK LDQ 5
MPY FX100
DVH FX6
XCA
SUR#* 394 e
CHS
TRA 1e4 o
FX1nn  OCT NNNACANNONT 44
EX6 OCT Nooonnannnng
FLAG DEC 1e0
21P DEC 040
EXP oCcT 233000000000
SCALF DFC 16666667
END
S IBMAP TIMR
*
* TIME CONVERTER
*
EMTRY TIMFR 3
TIMFR ZAC CALL TIMER(ITIMES,IDAYSIMINSISEQC)
LDO* 334
DVH DAY
XCA
ADD =1
STO* Lyt
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ZAC

DVH HOUR
STQ#* 544
LRS 35
DVH _MIN
STO* 6ol
1P 35
DVH SFC
STOx* Lot
TRA 1s4
DAY DEC 2764800
HOUR DFC 115200
MIN DEC 1920
SEC DEC 32
END
$IBMAP RDR-
* MDL TAPE READER (SETUP ON CK1)
¥*
INFILFE FILE MDL INPUTSCK1s INPUTsBLOCK=330,MXBCD
¥*
ENTRY READER CALL READER(AREAsNOWDS)
ENTRY OR OPN REWD
ENTRY ONR o OPN NGO REWD
ENTRY CR CLSE REWD
ENTRY CNR CLSE NO REWD
¥*
OR SXA FORs4
TSX «OPENs4
pzF INFE YL E
FOR AXT LRy
TRA 1s6
ONR SXA EONR 94
18X ¢ OPENL4
MZE INFILE
EONR AXT %44
TRA 1s4
CR SXA ECRs 4
TSX «CLOSE 94
PTwW INFILE
ECR AXT k%94
TRA le4
CNR SXA ECNR 44
TSX o CLOSE s34
MZF INFILFE
FCNR AXT R
TRA ls4
READER SXA ENDs &t CALL READER(AREASNOWDS)
CLA 394
STA READ+3
READ TSX +sREAD»4
pPzZFE INFILEssECRH
pPzE EOF s sERR
I0RT HK g g XK
LXD *=1s4
PXA Os&
FND AXT *¥k g4t
STO* Lt
TRA 1s4
EOB HTR 0
EOF LXA ENDo 4
CLA =~1
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60

STO* Lol

TRA 1s4
EPR TSX oMUR 94
PZF 1
PZF ERMSGy 96
LXA FNDs 4
cLA =2
STO* Lot
TRA 1s4
ERMSG  RCI 6sMARINER MDL INPUT TAPE READ ERROR
END
$SIBFTC DFCOM-—
C
C THIS IS FOR MM=-64
C DECOMMUTATE _MDL DATA—~CHANNELS 105,106 AND 114
C
1 SURROUTINE DFCOM(BUF oVsK309V3040K eK229V229GYRO DAY sHRIMINSSEC)
? LOGICAL OK
3 INTEGFER DN1sDN2sGYRQV(3)
4 DIMENSION RUF(330)sLP(40)sLOPOS(3,40)
c
C HIGH RATE
C
5 OK=e TRUE
6 CALL TIMER(BUF{(3)sDAYsHRsMINsSEC)
C
C _FIND DK270 SYNC
C
9 KS==7 B
1n DO 15 I=1,10
11 KS=KS+32
12 N=T-1
13 CALL SPLIT(BUF{(KS)YsDN1sDN2)
14 TF(DN1 oEQe 127 «ANDe DN2 +EQe 127) GO TO 18
15 CONTINUE L
16 OK=oFALSE .
N1601 ICNTR=C
01602 KC==7
17 RETURN
C
C SYNC MEDIUMSLOWs AND LOW-~-LOW
C
18 JF(KS «FQe 313) GO TO 81
1801 CALL SPLIT(BUF(KS+32)sDN1sDN2)
c
C LOW POSITION INDICATOR
¢
19 DATA (LP{J) 9J=1340)/09192335495369798315916917518919+20921922+23
$243531932933934935936937938939+40947+48949950951952953954955956963/
20 DO 23 1I=1440
21 ILP=1
22 IF(DN? oFQe LP(I1)) GO TO 28
23 CONTINUE
24 ILP=2
25 GO T0O 28
27 DATA (LOPOS(1s1)491=1+120)/
$ 4119301 943194129302943294139303433 94140

$304943444159305943594169306943694179307:43794189308+43894199309
$439+4410430094309401430194214025302+42254039303942394043049424>

$405p305a4259406,3069426940793079427940893089428,4099309;4299
$4009300442094119301+431 9412302 9432:41393035433941493045434
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$41593059435541693069436941T7 9307 9437541893089438+41993099439

$41093005430+40193014215402+93029422940393035423940493049424
540563059425 040693069426940733079427940893089428+40953095429

540043004420/
28 KC==7
29 TLP=ILP~-1
2901 IF(ILP LEQ, Q) ILP=40
30 12n=210-N-1
31 121=220-N-1
3101 122=230-N-1
32 ICNTR=0

3201 RETURN
3202 ENTRY GETTM(BUF sV eK30sV30+0KsK229V22 sGYRODAYSHRsMINSSEC)

3203 ICNTR=ICNTR+1
3204 IFLICNTR oGTe 103 RETURN

320% K2n=0
3209 K30=0

3210 K22=0

33 12n=120+1

3401 122=122+1

35 KC=KC+32

36 IF{KC «NEs KS) GO TO 40

37 120=200

3801 122=220

39 ILP=11P+1

3901 IF{ILP 4EQe41) ILP=1

c

C CHANNELS 105,106 AND 114

C

4.0 CALL SPLIT(PUF(KC+2)sDN1sDN2)
41 V(1)=DN2

42 CALL SPLIT(RUF(KC+3)sDN14DN2)
43 V{2)=DN1

51 CALL SPLIT(BUF(KC+7)+sDN14DN2)
52 V{3)=DN1 o

59 IF(I22eNEe221)G0 TO 63

5901 CALL SPLIT(BUF(KC+5)sDN1sDN2)

5902 K22=122
5003  Y22=DN1

63 TF(120.NF«202)G0 TO 79
64 130=(OPOS(2,1LP)
65 IF(I30eNE«303)GO TO 79
6601 CALL SPLIT(RUF(KC)sDNIsDN2)
XX=DN2
11=XX/12+=045
V3n=11
68 K30=130
79 CALL TIMER(BUF (KC—=22) sDAY sHR»MINsSEC)
80 RETURN
c
¢ LAST FRAME HAS DK 200 SYNC
C
81 CALL SPLIT(RUF(25)5DN1sDN2)
82 PO 85 I1=1s40
83 1LP=141 B
84 IF(DN2 «FQs LP(I)) GO TO 28
85 CONTINUF
86 GO TG 24
END B
$IBFTC DECOM—
c
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THIS IS FOR MV-67

DECOMMUTATE MDL DATA--CHANNELS 103,104, AND 114

SUBROUTINE DECOM(BUF sV3sK30sV30,0KsK22sV22,5GYROsDAY sHRSMIN,SEC)
LOGICAL OK~

INTEGER DN1sDN2sGYROsV(3)
DIMENSTON BUF {330)s1L.P(40) sLOPOS(3440)

HIGH RATE

OK=oTRUE »

CALL TIMER(BUF(3)sDAYsHRsMINsSEC)

Nl aNalalea Rt Nal 'ala SES U NN I ‘e Walia!

FIND DK2G0 SYNC

KS==7

10 DO 15 I=1,10

11 KS=KS+32

12 N=T-1

13 CALL SPLIT(BUF(KS)sDN1sDN2)

14 TF({DN1 oFQe 127 +ANDe DN2 oEQe 127} GO TQ 18

15 CONTINUE

16 OK=oFALSE.

01601 TCNTR=0

01602 KC=-7

17 RETURN

¢

C SYNC MEDIUMLLOWs AND LOW-LOW

C

18 TF(KS oFQe 313) GO TO 81

18n01  CALL SPLIT(BUF(KS+32)sDN1sDN2)

C

C LOW POSTITION INDICATOR

C

19 DATA (LP{J)sJ=1940)/0919253545596+758515416917918519+20+21+22+23,
$24931932933934335536937938539940247548+49950951952953954955956963/

20 DO 23 1I=1,40

21 ILP=1

22 TF(DN2 «EQs LP(I)) GO TQO 28

23 CONTINUF

24 1LP=2

25 GO TO 28

27 DATA (LOPOS(141),1=15120)/ -
% 4113019431941 2+302943204139303+433 9414,
$3044344415 930524359416 930694369417930794379418930843849419+309,
T439941N430043N0s40193015421 9402 +3N2s422940393030425 34049304424
S40543054425 940693062426 040T7 5307 9427540893089428+4099309+429
BL0Ne3N042094119301943194129302:422:41392039433941493049434,
541553055435 ,416930644369417930794379418+308+4389419+309+4395
FL1IN3NN 43N 340193019421 +402930294229403+3039423340493049424
SU0E 9a3ND 48425 34069306426 94NT 83079427 408+308+4284+4094+309+429
FLON 2NN, 420/

28 KC=~7

29 ILP=ILP=-]

29001  IF(ILP «FQe N) ILP=40

30 120n=210~N-1

31 121=220=N-1

31n1 122=230~-N~-1

32 ICNTR=0

3201 RETURHN

3202 FNTRY GETTM{RUF sV aK30sV30,0KK22sV22 sGYRO DAY SHRIMINSSEC)
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3203  TCNTR=ICNTR+1
2204  IF(ICNTR «GTe 10} RETURN
3208  KgnA=0
3200  K3n=N
1210 K22=0N
23 120=120+1
3401 122=122+1
35 KC=KC+32
36 IF(KC oNFe KS) GO IO 40
37 120=200
3801 122=220
29 TLP=ILP+1
3901  TF{ILP ,EQes41) ILP=1
C
C CHANNFLES 10247044 AND 114
C
40 CALL SPLIT(BUF{KC+1)sDN1sDN2)
41 V{1V=DN?
42 CALL SPLIT(BUF(KC+2)sDN1sDN2}
43 V{2)=DN1
51 CALL SPLIT(BUF(KC+7)sDN1sDN2)
52 V{3)=DN1
59 1F(122NFe2211G0O_TO 63
5901 CALL SPLIT(BUF(KC+5)+sDN1sDN2)
59N  Kp2=122
5902 y22=DN1
63 IF(I2NeNFe2021G0 IO 79
64 13n=LOPOS(2sILP)
65 IF{I30.NE«30%)G0_TO 79
6601 CALL SPLIT(BUF(KC)sDN1sDN2)
XX=DN?
II=XX/12.—n.5
v3n=11
68 K3n=130
79 CALL TIMER(BUF(KC=22) sDAYsHRsMINsSEC)
8n RETURN
< -
C LAST FRAME HAS DK 200 SYNC
C
81 CALL SPLIT(RUF(25)sDN1sDN2)
82 DO 85 I=1,40
83 TLP=1+1
84 IF(DN2 «FEQas LP(I)) GO TO 28
85 CONTINUE
86 GO O 24
END
$IRFTC CANPUS
C
C CANOPUS MEASUREMENT CORRECTION — FOR MM=—64
C
SURROUTINE ANGPOS(RsCsK)
C
C THIS IS FOR MM=-64
C YOU) ALSO NEFD SUBPROGRAM BLOCK DATA
C
c
C SUBROUT INE ANGPOS HAS 3 ARGUMENTS
C INPUT BsK ] ‘
C B{1) = PITCH MEASUREMENT
C B{2) = YAW MEASUREMENT
c B(3) = ROLL MEASUREMENT
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C

C K = TIME

C OoUTPUT C .

c C(1) = PITCH IN MILLI-RADIANS

C C(2) = YAW IN MILLI-RADIANS

C C(3) = ROLL IN MILLI-RADIANS

C . C{4) = CORRECTED ROLg_IN/MILLI-RADIANS
c

DIMENSION B(3)sC{4)

COMMON/COEFF/AA(443)
COMMON/CANOPI/CLOCK/CANOPZ/CONE(275) :

CLOCK . =X~AX1S CEOCK ANGLE IN DEGREES

CONE(K)=CANOPUS CONE ANGLE IN DEGREES

aNala%s!

IF (KeGTe330) J=K-331
IF (KelLT%330) J=K+34

THETA1=CLOCK#*,17453293E~01

THETA2=CONE(J)%*417453293E~-01

CALIBRATION OF ANGULAR POSITION FROM DATA NUMBER

(2] a¥al

C(1)=(AA(1a1)+AA(2,1)*B(1)+AA(3’1)*B(1)**2+AA(451)*B(1)**3)

Cl2Y=(AALL 92 ) +AA(292)1%¥B(2)+AA(3,2)#BL2} ¥¥2+AA (492} #B(2) %¥3)
C{3)1=CAA(1+3)+AA(2+3)1%B(3)+AA(3+3)1%B(3)*%¥2+AA(453)*B(3)%%*3)

Cl4)=(C(3)~COS(THETA2)*(+C(1)*COS{THETAL)+C(2)¥SINI{THETAL)})/
$ SIN(THETA2)

RETURN
END

$IBFTC CANPUS
C CANOPUS MEASUREMENT CORRECTION - FOR MV~67

C
SUBROUTINE ANGPOS(B.CeK)

THIS IS FOR MV=-67

YOU ALSO NEED SUBPROGRAM BLOCK DATA

SUBROUTINE ANGPOS HAS 3 ARGUMENTS

INPUT BsK

B(1) PITCH MEASUREMENT

B(2) YAW MEASUREMENT
B{3) ROLL MEASUREMENT

mowgn

K = TIME
ouUTPUT C

(1)
ct{2)

PITCH IN MILLI-RADIANS
YAW IN MILLI-RADIANS

c{3)
Cl4)

ROLL IN MILLI-RADIANS
CORRECTED ROLL IN MILLI-RADIANS

wowijnon

2l a¥slaNel a¥al et akel sXalakalaks!

DIMENSION B(3)sC(4)

COMMON /COEFF/A(6+3)
COMMON /CANOP1 /CLOCK/CANOP2 /CONE(135)

CLOCK _=X-AXIS CLOCK ANGLE IN DEGREES

CONE(K)=CANORPUS CONE ANGLE IN DEGREES

a¥ala¥e

J=K-164
THETA1=CLOCK*417453293E-01

THETA2=CONE(J)#e17453293E~01
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CALIRRATION OF. ANGULAR POSITION FROM DATA NUMBER

Cl1)=(A(1s))+A(2,1)%B(1)+A(391 ) *¥B(T)*¥2+A (4,1 ) *B(])*H*3

1+A(5 91 Y HBLL)#H#4+A (651 )%B(1) #%5)

CL2)1=(A(1)92)+A(292)%B(2)+A( 392 ) ¥B(2)¥*¥2+A(4L,2)%B(2)*%3

1+A(532 ) %BI2 1% 4+A (6,2 ¥B(2)%%5)

CU3)=(A(1s3)+A(2+3)%BI{3)+A(3+3)¥B(3}%¥¥2+A(443)*B(3)**3

1+A (593 )%¥BI3)¥X4+A(64+3)%¥B(3) %¥5)

CL4)=(C(3)~COS(THETA2) ¥ (~C(1)¥COS{THETATI)+C {2} *SIN(THETA1}))/

$ SIN(THETA2)

RETURN
FND

SIRFTC ANGLE

C ANGLE4
C THIS IS FOR MM=64 ANGLES
C ANGLE4
01 BLOCK DATA ANGLE4L
02 COMMON /CANOP1 /CLOCK ANGLE4
03 COMMON /CANOP2 /CONE(275) ANGLE4
04 COMMON/ZCOEFF/AA{4,43) ANGLE4
0% DATA CLOCK/—e56E02/ ANGLE4
06 DATA (CONE(I)sI=1475)/ ANGLE4
07 1 1216800 101495 1024099 10223, 102636 ANGLE4
n8g 2 102649 102461 102472 10283, 102693 ANGLE4
na 3 103403 1034135 103421 10330, 103478 ANGLES4
1n 4 103645, 10352 103.58, 10364, 103705 ANGLE4
11 5 103675 1034795 10383 10387, 1036900 ANGLE4
12 6 103693 103,95, 103497 10398, 103699 ANGLES4
13 7 104400 1046MDs 104,00, 104400, 10399 ANGLE4
14 8 103697 103496 103694, 10391, 103689, ANGLE4
15 9 103485 103482 103478 103674, 1034709 ANGLE4
16 1 103465 103460 1036559 10349, 103e43 ANGLE4
17 2 1C3e37, 1034309 1034245 10316 1032099 ANGLE4
18 3 A03401 10294 102.86 10277, 102669 ANGLE4
19 4 1024600 1024515 102442 10233, 102¢24s ANGLE4
20 5 1026150 10205 10195, 10185, 10174y ANGLE4
21 6 1014640 101653 10142, 10131, 10120/ ANGLE4
22 " DATA (CONE(1)s12765150)/ ANGLE4
23 7 101609, 10097 100685 100674, 10De62 ANGLE4
24 8 100449 10037 100425 100612, 99.99, ANGLE4
25 9 994868 99«73 9960 99647, 99434, ANGLE4
26 1 99620 99406 s GB8e492> 98678y 98e bbb ANGLES4
27 2 98450 98436 984215 9807 97692 ANGLE4
28 3 9Te78 97 663 97«48 9T7e33, 97199 ANGLE4
29 4 9704y 96489 96e7hy 9659, 96 e lths ANGLE4
30 5 Q6621 96014 9599 95 e84, 95670 ANGLES
31 6 95654 95439 95625 9510, 94.95’ ANGLES4
32 7 94480, 94,66 94652 9438, Cbol4by ANGLE4
33 8 94,10, 93697 9383, 93669, 93560 ANGLE4
34 9 Q342 93,28, 93615, 93s02 92.88» ANGLE4
35 1 9275, 92629 9248 92635, 92622 ANGLES4
36 2 9209 9196 91.83, 9170, 9157 ANGLE4
37 3 9lelby 91e31 9118, 91605, 9093/ ANGLES
38 DATA (CONE{(1)s1I=1515225)/ ANGLE4
39 4 90480, 9068 9055 90e43, 9030 ANGLES
40 5 90418 9005 89693 8981 89469, ANGLE#
41 6 89457, 89 bty 89432 89620 8908 ANGLE4
42 7 B8496 8884 88e4725 88460 88e49y ANGLEY
43 8 886375 88025, 88613, 88025 874903 ANGLE4
44 9 87,78 BTe66s 874559 8743, 876329 ANGLEL
45 1 87420, 87.08» 86497 86085, B6e T4y ANGLE4
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864625

46 2 86450 86439 86627 86016 ANGLE4
47 3 86404 85493 854825 8570, 85459 ANGLE%
48 4 854,48 85436y 85430, 85e1%, 85402 ANGLE4
49 5 Bhe91y 84480 84469 8458, Bhells ANGLE%
50 6 84435, 824 84413, 84202, 83491 ANGLE4
51 7 83483, 83,69 83458, 83ebkTs 834369 ANGLE4
52 8 83225 83414 834045 82693, 82482 ANGLE4
53 9 824719 82460 82450, 82439, 8228/ ANGLE%
54 DATA (CONE(1)s1=2265275)/ ANGLE4
55 1 82418 B2407s 81496, 8186, 8le75s ANGLES
56 2 81le64s 81454y 8143 81«33, B8le22s ANGLE4
57 3 Blel2s 81eN2s 80491 80e81, 804709 ANGLE4
58 4 80460 80450 8039, 8029, 80e19s ANGLE4
59 5 80409, 79498 79.884 79478, 794685 ANGLE4
60 6 79458 7948 79438, 7928, 794184 ANGLES
61 7 79,08 784985 78088, 7878 78468 ANGLE4
62 8 78458 78448 78438, 78428, 78418 ANGLE&
63 9 78409, 7799 77489, 77479, 77709 ANGLE4
64 1 77660, 774500 77640, 7730 7720/ ANGLE4
65 DATA(AA(Is1)s1=1912)/13.8168845~e276387Q035+13834448E~025s-070307050 ANGLE4
66 GE~521%4816884s=0276387035013834448E-02+—070307050E-05226e5s—ebklbs ANGLESL
67 7 90/ ANGLE4
68 END ANGLE4
FIRFTC ANGLE

c ANGLET
C THIS IS FOR MV=67 ANGLET.
C ANGLET
n BLOCK DATA ANGLE7
np COMMON /CANOP1 /CLOCK /CANOP2 /CONE( 135) ANGLET
n3 COMMON /COEFF/A(643) ANGLE 7
Ny DATA CLOCK/ «45E02/ ANGLET
ns DATA(CONE(I)»1=5,75 )/ «7671E02, e T670E02 s e T668E02 ANGLE7
06 8 o T666EN2, e 1665E02 s 2 T664EQ2 s e 7663E02 ANGLE7Y
07 8 e T663EN2 « T663EN2, «7T663E02 s e T66LEQZ » ANGLET
ng 8 0« T665EN2 W T666E02s 4 T7668EDN2 e 7H670E0Q2 s ANGLE7
no 8 s T6ET2END s 7675E02 . T6T78E02 s . 7681E02» ANGLE7
10 8 2 THB8BEN2, . T689E02, e T694LEN2 e T699E02 s ANGLE7
11 8 «TTNLEND e TT10E02, e TT16E02 s «TT122E02 ANGLET
12 8 «TT29EN2 o T736E02, e TTLLEQ2 «TT52E02 s ANGLE7
13 3 e TT60ED2 s e TT169E02 y e 11T8ED2 s e TIBTEQZ » ANGLET
14 8 «TT9TEND, «7808E02, s 7B19E02 «7830E02 ANGLE7
15 8 e 7842E02 . 7854E02 . 71B66E02 «7879EQ2 ANGLET
16 8 «7892E02, W7906E02y 4 T7920E02 «7935E02 5 ANGLE7T
17 8 < 7950END s s T966E02 . 7982E02 « 7998E02 » ANGLET
18 8 «8015EN2, 2 8033E02, «8051E02 s 2 8069E02 s ANGLET
19 8 «80N88END, «8107E02 W8127EN2 s WB147EDN2 s ANGLET
2n 8 e8168EN2, +8189EN2, «8210E02s «8232E02, ANGLE?Y
21 8 +B255END, «8278EN? «8302E02» «8326E02 ANGLE7
22 8 0 83BNEND, «8375E02, «B400DEN2, 0 8426EN2/ ANGLE7
23 DATA(CONE(T)s1=765135)/e8452E02 e B4T9EN2 «8506E02, ANGLE7
24 8 «8534EN2, o B562E02 «8590E02s «8619E02s ANGLE7Y
25 8 eB64TEND «8678E02, .8708E02 «8739E02 » ANGLE7
26 8 «87TT0EN2, «8801EN2, . 8833E02>» «8865E02, ANGLE7
27 8 «8897EN2 e8929EN2, «8962E02 s «B8995E02 ANGLET
28 8 «9029EN2s G906 2EN2s «9096EQ2 s «9130E02s ANGLET
29 8 «9165E02, +9199E02 . 0233E02 s «9268E02 ANGLET
an 8 29303END, 09337EN2 ., 2 9372EN2 s 0 94L06EQZ » ANGLE7
3] 8 «QLLIEND s e 94TBEND s «9510E02 s e 9544EQ2 s ANGLET
32 8 «Q578END, e 9612EN2, «9645E02 s «O67BEQZ ANGLEY
373 8 «9711EN2, «QT43E02, «9775E02 «O807EDNZ ANGLE7
34 a8 «9B2TEND, «9868EN2, . 9898EN2> «9927EN2 s ANGLET.
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35 8 s9955EN2, +9983E02, «10010E03, +10037EU3, ANGLET
36 8 +10064F 03, < 10090EN3, «10116E03, +10141E03, ANGLE7
27 8 210165603, +10188EN3s +10210E03s . +10231E03, ANGLE?
38 8 L 10252EN03/ , ANGLET
39 DATA(A(I 1) 91=1418)/2543260539-092093034,019287685E-015-28223686E ANGLET
40 $=0340e21335972E=055=e66782966E~08452840462415-1401780375420517513E~ ANGLET
41 $01+-e28572125E=03+420782001E=05+-463998052E-08421e4141025-43237947 ANGLEY
42 $15¢11165038FE~019=434020915E-03,0433585269E~055-010896906E~07/ ANGLE7
43 END ANGLET
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lIl. Data Reduction Program

SIBFTCMARDAT

C
E—MARFNER—DATAREDYECTFON
C . .
BT D IMENSTON—XT 333 s RE31Ct 352 5 T3 TORA AL 3323 B35 2 > T HH S22 —MRT001T—
DIMENSION TA(30031sP(3)sQ(3)sWD(3)sTAN(352)sW{(3)sWP(3) MRTQ02
D IMENS TONTHINC IS THOUT I3 ) TP O3 00 s TY 360 TRE300 ) MRTO03—
REAL INVAL(B)QMJJ(#) MRTOO4
COMMON—ARE T OGyE TSI B FLE MRTO05
COMMON /LVT/LEVOUT MRTO006
o3 CTOGTCAL STARTSOKSREREDSBEGIN MRTOOT
0no4 INTEGER TH(3)sREALT(4). MRTQO08
05— READ 5T 3 sTAS 0 3
nns READ(5a113)(XJ(Ial)9I 1,9) MRTO10
oUBT T DT T=UEL/5TS MRFOTT
MZ=1 MRTO12
KDX=1 MRTOL3
KDY=NB-6 MRTO1l4
HFADEL-GT+ 25+ Y KBy =NB~% MRFO15
LO=4 MRTO16
HY Rt 6T 25+ rt0=2 MR-FOTF
LEVOUT=4 MRTO18
TF Ot 6T+ 25+ L EVOUT=2 MRTOLS
T10UT=1 MRT020
OGO HO=0 MRFO21;
nnenN3 CALL START9 MRT022
TS TR MR-T-023
07 RERED=+FALSF. MRTO24
rerg OK=¢TRUES MRT025
nn8N1 BEGIN=TRUE MRTO26
A START=+TRUF S MRTO27
nlLn JSART=4 MRT028
oY = MR-FO29
n12 JJ=3013 MRTO030
i3 K=t — e MRTO3L
N4 NO 43 I=114JJ MRTO032
TS IFtSTARTIKE =KL+~ o s s e MR FO33—
n1é6 READ (17) IDsIHRsTMyISs (TH(J) s U= 193)5CAN MRTO034
T ARy =T MRF035
n18 AR(2+s1)=TH(2) MRTO036
19 AR 351 r=THt3) = MRT-03F
020 AR(4+1)=1D MRTO038
021 ARSI y=THR - MR-TQ39-
022 AR(6+1)1=1M MRTO040
Y23 ARy Hr=1S MRF-Oéd
024 IF(1sEQe6)YGO TO 27 MRTO042
25 I+ F O3 0160 T3 MRTO43
n26 GO TO 324 MRTO44
g P29t t=157 s MRTO45
Nn28 DO 29 LI=1,3 MRTO46
TeT Rttty ARty T3 MR-T-O&%F
291 CONTINUE MRT048
36y GO—T0 34 - i MRFO&S--
N31 DO 331 L=1,7 MRTO50
0 s 15 S B e s o B S e o MRTO51 -
N33 AR(L>LI)Y=AR(LLI+300) MRTO52
A ONTHHE MRF-53
N34 IF(«NOTSTARTIGN TO 43 MRTO54
X355 RS NE )Y GO—TO 43 MRTO55
036 START=eFALSF,. MRTO56
a7 O—a42Lt=1+%%3 = MRTOSTF--
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— 38— —HO—3 L=ty ~MRTO58~

N38171 MI=T1-L1 MRTO059
L0 S L A 1 Ao e i s : - MRFOGO
039 AR(L sMI N =2 o ¥AR{ LTI ) ~AR(LsNT) MRTO061
g2 CONTINUFE B MRTO62
043 CONTINUE MRTO063
Orept TE T NOTIRERED TGO TO 49 MRTO64
n45 11=4 MRTO65
2300 FF=331 MRTO66
ng7 RERFD=oeFALSE, ] MRTO67
%8 GO TO 14 : MRTO68
C
¢ PATA-STORED —TN—AR==NOW—TOOK—F ORI TC¥CLES
C
\RI< %) THXPRE=TX MR TO6S
IF({INXPRFeFQs1)JISART=JSART+1 MRTOT70
TN PRESEOT IV ISART=ISART+2 MRTO7T—
CALYL DFTFCT(JSART;JEND;NaINXoNAXI%) MRTQ72
iR R i) TR N=NBY 51553553 MRTOT3
N&1 WRITE(64100) MRTO74
Ht 7 e e ORTE RV OUT T ESS 2 60— FO 510t MRFOF5
TF(IAXTSeNF a Mo ANDWNAXTSeFQeIAXIS) GO TO 5102 MRTO76
' 51T TRAATH=1 e MR’I‘O??
GO TO 5103 MRTO78
O5TH2—MZ=1 MRFO79—
NJJ=NJJ+N=-1 MRTO80
PR =R X MR-T-O8%
KDX=KDX+N-1 MRTO82
TFKDX St ToREYGO—TO—80 MRTO83
KDX=KDX=-NB-1 MRTO84
“TOROtT =603 - MRTOE5-
TORQ(21=60. MRTO86
TRt =60 MRTFO87
MDX=NR+1~MPDX MRTO088
DO STt T=1sN - MR-TO89
TF(LT«NF«MDX) GO TO 5109 MRT090
MI=FSART+-T=T ~ MRFG9L -
IF(MJeGT o303 MU=MI-300 MRT092
FO=A Rty MR-FO93
JH=AR (5 sMU) MRTO94
=AR Gy R MRTO95
JS=AR(TsMJ) MRTQ96
—— e e R e st e Y e —m m o o o o /- — MR 097
CALL JPLT3(2569=25e30e9Ne935IQsTORQsJHsIM»IS) MRT098
o=t MRFGIS
05109 CONTINUF MRT100
052 GO TO 8" MRF 101~
ng3 CALL PRIN(NoJSART sDELT2AsBsCsINYsNA) MRT102
HEINY S EFOe M GO—T0—54 MRT1I03—
wRITF(é;llA)INY MRT104
b M L MRTF165-
NO=N=~4 MRT106
—HA DB e G T2 5% TNO=N=2 MRTFLOT
DO 55 LI=LOsNM MRT108
54— MI=ISART+ 1 MRT109
05402 1F(MJeGT 303 IMU= MJ -300 MRT110
SH Ot d=t Tttt MR-+
JD=AR (4 4MJ) MRT112
—PO—S54r& =153 MRT1L3
05404 THIN(L)=AR(LMJ) MRT11l4
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TR =THOU T
TY(LJ)=THOUT(2)

L YW R B R W SV VR S A1

MRT116
MRT117

MOT 110

TIS VLT 7 LRLILAYA W i Bt Yo By 4

ns5 CONTINUE

LAELANE Iar 9 =)

MRT119

—O56——CALEPARFET-HTPyNOsPsDELTsERD— MR F120—

ns7 CALL PARFIT(TYvNOaOstLTyERZ)

MRT121
— 58— €At PARFITtTRYNOSRIDELTSERS MR T122-
CALL MAVTIXJsAsTAN) MRT123
59 PO—Forri—ti=ttryith AR-T-1-2-4
N59N1 TF(KDX«NESNBIGO TO 79073 MRT125
RGP KIX=T MRT126
MJ=JSART+LI-1 MRT127
MO 6T e 303 MI=Md=360 MR-T128
065 WD(3)=2.%R (2) MRT129
T8 WOTZ =2ty MR350
n71 WD(1)=2e%P(2) MRT131
C
C COMPUTF TORQUE
C
n7s5 CALL MATVEC(XJs¥WDaT1) MRT132
TS =TT =TS MRT133
07601 TIN(Ls1)=13e56%*TAN(L 1) /1.8 MRT134
TEN T T INTES 2y =T33 56" TAMNTL 27138 MRT1T35
077 TORQIL)I=1356%¥T1{L) /366 MRT136
AT T TORMAG=SORTITORQ IV #4 2 TORG T2 T #* 2 TORG (33427 MR T137
IFIER1«GTe043)TORQ(1)=60.0 MRT138
TFIERZ G T 3T TORQTZ =600 MRT1I39
IF(FR3eGTeNa3)TORQ(3)=60.0 MRT140
O =ARt 45T MRTI4L
JH=AR(5 M) MRT142
IM=AR 63 MID) S e - —MRT143
JS=AR(TsMJ) MRT144
Pt O TR P RS T TOT IR ARF-T&5
07704 CALL JPLT3{2%¢9=25490e9Na33510,y TORQs IHs IMsJS) MRT146
5 HO=1 - e MRT 14T
TF{I10UT.EQsN) GO TO 7903 MRT148
FRIAX TS EQe Y GO-TO FO02-- oo mmm e e e fMRT149-
C
e N T A RATFE I N ERTEMENT- =
C
e AT S NI Y60 TO T8O o e e MRTF150-
M(11=P(2) MRT151
L R o & B e e e MR 152
W(2)=P (1) +P (2)¥P(3) %2 MRT153
GO-TO—F803 e e MR F154-
NT8NT TF(IAXTISeNFL21GO TN 7802 MRT155
T =2 e o -MRFIH6—
W(2)==24%Q(2)#Q(3) MRT157
Wy =Y Y FQE 2 YR QR YRR T e - - ~-MRF 158
GO TO 78073 MRT159
Bt A e E A GO~ FO T89S MRF160
W1)Y=R(2) MRT161
WP y==2 g ¥R DI HRAF Yo r e e s e e MRTFL1E62-
W3)=R(1)+R(?)*R(3)*%2 MRT163
TSR CAT T MINRAT s Ry NG DEL T RAT INC s REALT s DEDZON s INDCAT-MITY MRT164 -
IF(INDCATSFO.NYGO TO 79 MRT165
» I,
c DATA OTPUT
) B _
WRITE(64202)TAXIS: MRT166
GO TO 7602 T MRT 16T
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R s

79 WRITE63 203 T I A XTSI DFDZONSRATING —MRT168
WRITE(6s204) (REALT(I)sI=1s4) MRT169
AP R-F+F0
WRITE(69101)JDsJHsIMsJS MRT171
WRITECE 201 TN - MRTTT72
WRITE(64102) MRT173
WRITE(GESTO3 T (TINtTs ITs I=1337 MRTI T4
WRITE(641C4) (TIN(Ts2)91=143) MRT175
RIS TS ORI T T s TORMAS MR TT76
WRITE(65106) FR14ER2sER? MRT177
PO TTe02T=1352 MRT1IT8
17902 INVAL{I)=TIN(Ts1)=-TIN(I 2} MRT179
MY =N=IEVOUT MR T80
WRITE(6s120 NV {INVAL(TI ) sI=193) MRT181
“rOTrT=0 MRTTE2
n72 MQ=JSART+LO-1 MRT183
20T H MO 6T+ 33 P MO=MO=300 AR 164
N7301 MJJ(1)=AR(4 +MQ) MRT185
—OF 22 M= ARAS SO MRT 186
NT203 MJJ3Y=AR(6 MO MRT187
TN T AR TS MRT168
NT7QN3 KDX=KDX+1 MRT189
TR XS EOT KDY I KX =KX+ EEvOuUT MRTISO
N7904 CONTINUE MRT191
M7=t TR T 192
110UT=1 MRT193
TAXTS=RAXTS “HRTFT9%
C
@ AT A CONDTTION OUTPUT PACKAGE
C

T tIAX IS T NEST TGO TO 7906

AL O
THIRTL70

WP (1)1=P (2} MRT196
L W S o R a e R N MRT1T9T
WP (R)=P(1)+P(2)%P (3 ) %x%2 MRT198

A T.3-Q O

GO—TO— 7978

LIS B A4

NTAN6 TF(IAXISWNFEL2)GO TO 7907 MRT200
wRT=G2) MRT20T

WP (2)==2%¥Q{2)%0(3) MRT202

A W B B i i B 2 O g B U o B e HARF263

GO TO 7908 MRT204

T HHATTAX TS NF 3 Y60 T0—7908— MRF265-
WP (1)Y=R(2) MRTZ206

WP =2 e KR 2 RS} MRT207F
WP(2)=R(T)1+R(2)#R({3)%%2 MRT208

rTeOr8— =Nt MRTF2G5
ngn TF(INXPRFE eFQe 1) JSART=JSART~1 MRT210
T CINXPRESTOTIVISART=ISART=2 MRT2TT

NRNNT TF(INXeEQ«1IWRITE(645109) MRT212
TFINKSEQe T IARITETS S IS MRTZ13
ITF{INXeEQe2 ) )WRITE(65110) MRT214

H s 2 R Et9s116 MRF235—
IF(INXeEQe3)WRITE(As111) MRT216

HHIS O3 R ETECSS 11 ) MRTZ21F
I11=JSART=2 MRT218

8% O ND T 303 60— F0—85— MRT219-
ng2 JJ=JEND=3 MRT220
el FESERF=FND MRF22E
NR4 GO TO 93 MRT222
—A 85 A OENRETETI306YGO—TO RS MRF223
Ngs JJ=JEND-3 MRT224
8T FSART=JEND~306 MRT225-
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88 GO—TO0—93 MRT226
089 JJ=303 MRT227
- a REREB=sTRUTS MRF-2-2-8
091 JJI=JEND-303 MRT229
G2 ——JSART=IEND=300 MRT230
noe3 IF(11.GT«3)GO TO 14 MRT231
3O T T FSNOTREGTMNIGO—TO 9% MRT232
N9302 BEGIN=FALSES MRT233
o tr 1=y . MRT23%
IF({JJeLES4)GO TO 49 MRT235
T30 GO TO 14 MRT236
094 11=3004+11 MRT237
OOt Ide 6T+ 300 rGO—TO0 1 MRT238
N940N2 IF(JJeLES3)GO TO 9408 MRT239
OoHFUTTII=3I0S MRTF240
nNo4ny IF(RERED)GO TO 94n6 MRT241
OG0 5—JIT=3END~=3 MR-TF242
N9406 RERED=4TRUE, MRT243
OFOT GO TO T MRT 244
00408 JJ=300+JJ MRT245
rers TR eSOt Oy MR-T246
ngs CALL STOPO9 MRT247
rSEOTSTOP - MR T248—
Nn9o9 FORMAT (1HN/ /) MRT249
Moaraoe.n

OO FORMATHIAXS TEH NOT ENOUGH POTNTS)
FORMAT {1HO 99X ¢ 3HDAY » 1435 5X s 4HHOUR 9 14 95X s BHMIN s 1 495X 9 BHSEC s 14 95X ) MRT251
e FORMAT T HOTH T Xy S HP FFEHy T F A 3Ry Xy 4 HR O Xy 9 HMAS N D B MR F 252

101

103

105

FORMAT { 1HO s 9X » 24HTORQUE LIMITS ARE-=UPPERs3E2048)
— e FORMAT 29X T SHEOWER S 3E205 8~
FORMAT (10X 5 24HTORQUE BY LEAST SQUARES
16— FORMATCTAX 5 24HRMS ~ERROR-OF ~PARAB -F1T-

M2 o0

MRT253

rnh-r')t:/

N1 277

MRT255

o e W e N N S0 XY
¥OOUZ OO0/ 7T

0107 FORMAT(1H1/15X+69HPLOT OF MARINER PITCH YAW AND ROLL TORWUES IN DY MRT257

AT ST AR T NG DAY S X TS MR-T258

109 FORMAT (22X s 28HOUTAGE IN DATA AT THIS POINT) MRT259
— A FORMATA 25X a5HBFT - ERROR -AVERAGED - OUT- IN -PREVIOUS - BATA BATCH——MR 260

111 FORMAT (40X s BHRAD DATA) MRT261
— 1T FORMAT{Fae s I3y 3w6F5+2) B MRF262

113 FORMAT (9F642) MRT263

AP ORMAT AT Oy SN~ N TFERSEETHONT

MNTE R LAL

IR T on- &

NV AT O l”\/\l.\)’LJl T Oy

12n FORMAT (1HO ¢ 2X s 2 ITHNUMBER OF POINTS USEDsI4s24H TORQUE INTERVALS-PI MRT265
FFCH3 T 16+ 835 H YA E16¢8y6H—ROLL s EY6 8/ /7 MRF266—

N1 FORMAT ( THO 39X s GHOUTPUT ATsl4s23H POINT OF PARABOLA WITHsI4s7H POIN WMRT267
=TS R MRT 268

2n? FORMAT (1HN 4 GX o 24HMINIMUM RATE ERROR MRT269
“7ﬂﬁ-—”FﬁQV*TTTHﬁ"7X"ﬁﬁHF?ﬁTMG“QN"*%TﬁTf@T?%TTﬁﬁﬁbﬁ@ﬁﬁﬁﬁ“fﬁ¥—ﬁ?ﬁ*ﬁ“”‘_“”““MRf??ﬁ“

& 1AHRATF INCREMEMT =F17.8) MRT271

> FORMAT 29X O6HAT DAY s T oy &H— HOUR » T4 5H S MRT2-12

3n1 FORMAT(1H +6F20.8) MRT273

7 D A e MR 274

SIRFTC PARINT

c PARENF
C INTERVAL ARITHMFTIC PARABOLA FIT PARINT
€ — R —PARIENT—
nnl GURPOUTINF PRIMINJSART, DFLT;A RaCsINX,NA) PARINT
€ e e PARTNT -
C PRIN — 8 ARGUMENTS PARINT
T O PARTNTF
C N NUMBER GF POINTS PARINT
— I SART—— STARTING POINT OF PARABOLA———————— PARTNT—
C DELT TIME BETWEEN 2 POINTS InN #IN PARINT
€ N e : PARENT-
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€ SHTPT PARENT
C A{3+2) COEFFICIENTS OF INTERVAL PARABOLA FIT PARINT
e B O P NS O R E R A P AR A B O A e PAR
C C(3s2) COEFFICIENTS OF INTERVAL PARABOLA FIT PARINT
C AtIs2 s BtIn2)sC{T+27) —PARINT
C PITCH 1=1 PARINT
C YRR T I=2 PARINT
C ROLL I=3 PARINT
e sy ITROEX =t R ERSEET e~ P T er—ax s PARINT
C =2 NULL INTERSECTION ON YAW AXIS PARINT
< =3 NULEINTERSEETION—OR—ROtLLE—AXTS —PARINT
C PARINT
2 COMMONTARTT 5306 T CREIM 6 DEL PARTNT
0n3 DOURLE PRECISION ERT(343)sFRT(3s3) PARINT
TG MRS TON At 352 T3 B (332 T Ct 3 2 T s AR T332 SRS 3T RRT 35215612y PARINT
00401 DIMENSION FL(3s2)sF(2)9P(2),TH(2) PARINT
TS NHEAF=N7? PARTINT
nn5n1 INX=0 . PARINT
SO 2 INT=T PARINT—
nn5n2 11=MA/S PARINT
SRR NS PARTNT
aN5NG5 18K1P=2 PARINT
S E TR PECSGTs 25+ Y I SKIP=0 PARINT
00507 JD=AR(44JSART) PARINT
A58 DO 64 Lt=15% PARTINT
06 DO 57 I=1s11 PARINT
T Mi=rsAaR TSP PARENT
C PARINT
1% SETHP—OFEAND—Q PARINT
C PARINT
g HAMI S 6T 33 M I=MT=300 - —PARTNT
NnNY CALL TANGPS (L sMIsTH,JD) PARINT
ey ART I =2 =TH{27 AR
n11 QRT(191)=THI(1) PARINT
i v X=I+1ISKTP PARINT
Nn13 DO 15 J=1,3 PARINT
3ot i=%=J PARENT
01302 IF(JI«EQeD)GO TO 1402 PARINT
i 5812 0 B W w29 H ) ) W B e P-ARENF
nN1401 GO TO 15 PARINT
Ot ERT I =1 00000 PARINT-
n1s CONTINUF PARINT
THTE T RO T K=E1sKK PARINT
n17 M= JSART+NHAF+K 3 PARINT
18 T ST M e M= e e £ ARINF
019 CALL TANGPS(LsMJsTH,LJID) PARINT
25 ORT2521=THT2) PARINT
021 ORT(2+1)=THI(1) PARINT
022 X=NAAF+K=3 PARINT
n23 DO 26 J=1,73 PARINT
2t F =S PARTNT
02401 IF{JI.EQeNIGO TO 2502 PARINT
—825—ERF 2y H=DRtE -t et e e g oo o oo ——/—/— — —  — —— — P ARINT
N2501 GO TO 26 PARINT
AZSO2—FERT 23 =1+70D 00 P-ARTENT
026 CONTINUFE PARINT
ot O—5T=375+F PARIMNF
028 MK=JSART+N=M~1 PARINT
2o H MK GT 303 M MK=MK=3060—— PARINT
030 CALL IANGPS(LsMKsTHsJD) PARINT
-3t QRT 352 y=THt2) - PARENT
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e o
CARNCURT

032 QRT(3s1)=TH(1) PARINT
33 T e PARNT
034 DO 37 J=1,+3 PARINT
035 F=3=2 PARINT
03501 IF(JILEQ.D)GO TO 3602 PARINT
736 ERT {33 I =DRCECXHDECT /¥ I D) PARINT
03601 GO TO 37 PARINT
AE2 RIS T =1=05D—686 PARTNT
037 CONTINUE PARINT
C PARTNT
C FIT CURVE AND SORT OUT DATA PARINT
L i} PARENT
n38 CALL MATIN3(ERTsFRT,IMD) PARINT
T3S I F TS E s OGO TO %7 PARTHNT
03802 DO 40 MM=1,43 PARINT
3803 NHO I NN=1353 PARINT
n39 SRT(MMsNN)Y=SNGL (FRT{MMsNN)) PARINT
Crepty COMTINHE PARTINT
N4l CALL MAVT(SRTsQRT sRRT) PARINT
e Tt RET TGO TO &% PARINT
N43 IF(KeEQeleANDeMsEQWe1IGO TO 54 PARINT
2ty DO—5H52 =133 PARTNT
n45 G(1)=RRT{(Js1) PARINT
o6 G2 r=RRT(I+27 PARINT
047 FLIY=EL(Jsl) PARINT
BE:3¢) Pt r=ErtIsy PARTINF
nsn CALL INTERX(FsGsPsIND) PARINT
51 Ettds =Pt PARINT
n52 EL(Js2)=P(2) PARINT
OS2 T HFCTNDE O e Y N = e - PARINT
n53 GO TO 57 PARINT
r5er PO—S6—J=1v% P-ARENT
n55 FL(Js1)=RRT¢tJs1) PARINT
56 Pt 2 =RRT{tJs2? - Samedet - PARIN
n57 CONTINUE PARINT
58— At =Ft sty e e — PARIN T~
ns59 AlL92)=EL(1+2) PARINT
résey Bty r=ftt2v B-AR-EN-T
N6l BILs2)=EL(2+2) PARINT
62 ey I r=Ft%sty— - - PARINTF-
63 ClLs2)=EL(2+2) PARINT
G CONTINUFE e e e PARINT
ne5 RETURN PARINT
66 R e o P AR TN
STRFTC MAXVT
AT SURROUTINE MAVT (AR CYy MAXKNYT
C MAXVT
MO TP TCATION -OF -MATRIX -BY  INTERVAL-VECTOR MAXY T
C MAVT - 3 ARGUMENTS MAXVT
€ NPT : AR
C Al393) 3X3 MATRIC MAXVT
€ R332 - 3 DIMENSTONAL—VECTOR —INTERVAL - MAXYT—
C R{Is1) UPPER MAXVT
I - Bt e 2y LOWER — e e e AR T
C ouTPUT MAXVT
€ C- 352y G- DIMENS FONAT~YEETOR—FNTER YA e Cm i W s M A T
C MAXVT
e MENS TON A 33313 B35 2 3 Ct352 s S22 s Dt 25 F 25629 MHAXV T
0n3 DO 18 1= 192 MAXVT
e St1y=0s e MAXVT —
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s ———S5t2 =" - MAXYT
aneg DO 15 J=1.3 MAXVT
T L2 S Rt 2 e 1 MAXYF
008 DI2Y=R(Js+2) MAXVT
oY EEATT MAXY
"1 CALL TISMULT(DoE sF) MAXVT
Y2 CALT TADD I FSSH6) MAXVT
013 $(1)=G(1) MAXVT
ot St =6G62 HAXVTF
Nn15 CONT INUE MAXVT
o6 CtIsti=stly MAXYT
017 C{1+2)=5(2) MAXVT
18- CONTINUGE MAXVT
n1o RETURN MAXVT
oot END —MAXYT

SIBFTC IDMT

1A

vt

SHRPROUTINE ST TR CHF)

< TOMT
C . IDMT

€ MHET P I CATIONOF —INTERVAL—BY—SCA TOMT

C INPUT IDMT
e B2 —RTERVAT oM

C C CONSTANT IDMT

€ Ot+TPUT OMT

C F(2) INTERVAL, iDMT
—C HoMF
onz DIMENSION B{2)sFL2) IDMT
ARG X=ECHFB T HOMT
nng Y=C*¥B(2) IDMT
s Fr=aMaxttxs7) TOMT
noneé FI2)=AMINLI(XsY) IDMT
YT RETURN TDOMT
nng END IDMT
S RFETCISUBTR—

001 SURROUTINE ISUB(AB.C) ISUBTR
€ : FSUBTR
C INTERVAL SUBTRACTION ISUBTR
—C TNPOT AsB FSUBTR
C OUTPUT Co C = A-B ISUBTR
¢ T+5BTR
nng DIMENSTION A{2}19B(2)sC{2)sD(2) ISUBTR
o3 =817 FSURTR—
ona D(2)==B(2) ISUBTR
005 AT TADD tASDO— ISUBTR
nne RETURN ISUBTR
avas END ¥ SUBTR

$IBFTC IMULTP

C IMULTP
C INTERVAC MULTIPLICATION TMULTP
C INPUT AsB IMuLTP
- —OFPT Cy——C—="AK%B —gtTP-
C IMULTP
662 EMENSTON—At2 B2 )5 C2) MULTP
003 W=R({1})#*A(1) IMULTP
G X=R T ¥A (2 ) TMUETP-
ons Y=R(2)¥*¥A (1) IMULTP
(VAVE ] F=Bt 2yt =
007 C{1)=AMAXL(WsXoYs2Z) iMyLTP
08 Ct2 =AM s XY ) MytLTP
n09 RETURN IMULTP
10— END MR
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$IBFTCPARF=
C PARF=
< HAST—SOUARES—FHF—A—PARABOLA PARF
C PARF~-
— I SURROUT INE—PARFITFtTsNsPsDELTSERY PARF
C PARF~
C PARFIT—="5ARGUMENTS PARF
C INPUT PARF=
< T POHNTS P-ARF
C N NUMBER OF POINTS PARF~-
C OUTPUT PARF
C P(3) LEAST SQUARE FIT COEFFICIENT PARF~-
——— T TIMEBETWEEN—2 PO INT S IN-—MIN— P ARF~—
C ER MEAN LEAST SQUARE ERROR PARF~
T PARF
2 REAL T(1)9Q(5003)3P(3)sA(343)sB(3)4+C(3) PARF~
% POtIRECEPRECTSTON M35 3 s MINV3335DET PARF
C ) PARF-
€ GENEFRATEQ PARF
C PARF~-
3 HO—F—=1%h P-ARF
5 Q(Is1)=1e PARF-
—6  ——QtI32y=FLOATtI=11*DE e PARF
7 QI3 )Y=(FLOAT(I=1)#DELT )*%2 PARF-
C * PARF
C GENFRATE Q' * Q PARF=~
T PARE
8 DO 12 I=143 PARF=
9 PO—12J=1+3 - PARF
1n M{TeJ)=NeDN PARF~
T1 DO—12—K=T+N PARF
12 MUT 9 JY=M(TsJ)4+DBLE(Q(Ks 1) *¥Q(KsJ)) PARF~
v < P-ARF
C GENERATE QY * T PARF~
C e e s - PARF=~—-
13 DO 16 I=1+3 PARF~-
T4 BtTy=rs o PARF~=-
15 DO 16 J=14N PARF~-
EEE o M o o 1 A v 6 A i e et PARF
C PARF~
—C—— SOVF L INEAR -EQNG - s s et e PARF——
C PARF-
P AT T MAT N M M N TD Y~ - o e e e e - — PARF—=
1771 DO 1703 1=1,.3 PARF-
762 75 2 e e e W B ARF——
1702 A(IsJ)=SNGL (MINV(T+J)) PARF=-
— e — AL MATVEC A By — e PARF
18 P{1)=C(1)-0e25%C{2)%C(2)/C(3) PARF-
19 Pt-7) =C{3) Bt - PARF
20 P(3)Y==0,5%C{2)/C(3) PARF~
T ER=rS PARF
22 PO 24 I=1eN o PARF=-
— P F TR Y =P 2 (FLOAT CT=1 y ¥ DECT=P (3 ) y¥32-—— - ~PARFE—-
24 FR=ER+F#%2 PARF=
75 FRESORTEER AP OA TN - omrm i mme e oo ooe =oe S s s P AR
26 RETURM PARF~-
FRD - PARF
$IRFTC DECT
C T I —DECT-
C PULSE DFTECT SUBROUTINE DECT
C — BECT -
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e SURROUT —PECT—
C
19 e A RGNS
C INPUT
C JESART STARTING POINT
C ouTPUT
€ JENT ENDINGPOINT
C N NUMBER OF POINTS
€ T FREEX =T O FAGE—HDATA
C =2 ERROR AVERAGED 0OUT
€ =2 ——BAD—DATA
C IAXIS INDEX =0 NO FIRING
C = FIRING - IN-PITCH
C =2 FIRING IN YAW
T 3 FIRINGTINROCT
C
02 PIMENSTON K33 DB T3
003 LOGICAL TRUFAL
oy

4 A AN AL A TS ey e N " ) N
LBE=3 COUVNVONTTART 9 oU0 T ORI TG T sUTC

nns TRUFAL=eFALSE.

SN

no502 INX=0

PPN T AT
LATsJ5 TAANTO=Y

d

€ CHECK—TOSEEITF POINTS ARE NEAR DEADBAND
C

[SA825] CEISARTFT

nny DO 15 I=L.A00

T8 KT ="

0n9 K{(2)y=0

=10 K3r="r

011 M=T

L 4 .lF {1 VeS| o DUD TV IUIY

C1201 DO 1205 J=1,+3

—81202 PR tH=ABS tERE Mt 2 H I+ T BECT—

N12n3 YY=POLY (JsAR(JsM))

PPN

" LN AR OI - . G W G W 2 Y ADC g oL T ey kWY c A
AT T Y T e T T e U TV I =R SVURKE WV e I— LT e 7

01295 CONTINUF

O i £ Tt gl ey
SPL TN AL O WTHTR R AN TNV 75T

N1207 IF({INDeEQe?)TNX=2

—r128 I CINDSEOS TR ORGINDSEGS 5 e HF ¢

A13 DO 15 J=1,2

3T —3d=a
N1312 YY=POLY(JsAR(JsM))

=R SO ST BB S AR PAT RN Yy R A e ———————— Y B e

¢15  IF(TRUFALIGO TO 16

TS JEND=T=1
N1502 INX=IND

A o

oI563-—GO—TO 17

nlé JEND=1T

3 PEPWOR Y bl
FPRLONTL TAALNJJ

N7 M=JFND~JSART+1

010 Em Wl BN W ¥}
18 RETHRM
n19 FND

T T -~ AT
FHHEFCPAT

C

—OO T SUBROHTINEPATRNtU I HTRFEMM—m—m—m—————————— ——————————————————PAT—
C

-3 53 A- O A Dt A AALT ALY o

€ PAT—=—3ARGUMENTS
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C— NPT . —PAT
C I "INDEX PITCH I=1y YAW I=2s ROLL I=3 PAT
e e A B S CR PP TP ORARRAY AR PAT
c ouUTPUT _ PAT
——————————F R b= TRUEs — FORPARTICULARPATTFERN—m  ——— PAT—
C =eFALSE. FOR OTHERS PAT
C PAT
002 COMMON AR(7+306)sCKLIM(6) sDEL PAT
e FMENS et PAT
0ns LOGICAL TRFL PAT
3O T RFt=FALSES PAT
Q0302 A{1)=ABS{POLY{(JsAR(JsI-3))) PAT
ST A 2 I =ARS PO YIS AR I =27 PAT
0N304 A(3)=ABS(POLY (JeAR(JHI-1))) PAT
TS Al G T ARS PO LY T AR T I PAT
NN3ANG ALB)I=ARS(POLY(JsARIJsI+1))) PAT
ST ALE I =ABS (POLY-tIvARt I T+2 1) PAT
ong A{TY=ABRSIPOLY{JrAR(Js1+3))) PAT
e tat e NE e At I GO—T0—5 PAT
NNEn2 IF(A(2)+NE«A{4})GO TO 5 PAT
et S At RET At 60705 AT
Neans TF(A(S)Y«GELA{4))IGO TO 5 PAT
OGS A T GETATE T IGO—TO5 AT
NO4NE TF(A(TYGELA(4))GO TO 5 PAT
YT GO—TO—8 PAT
nnsg TFIA{3) eGE o A(4) e ORA{4L) e LT A(S5)IYRETURN PAT
TS Tt AT e e T At I RETURN PAT
NNENT TF{A(2)eGTA(4)YRETURN PAT
G2 TRt AtS s GTo At IR ETORN PAT
neT IF{A(T)eGTeA(4))YRETURN PAT
8 TREE=s TR e PAT
nn9 RETURN PAT
o =D PAT
STRFTC INTX
c - FNFX
C ITNTERVAL INTFRSECTION INTX
C - e e e e FNFX
anl SUPROUTINE INTERX(F.GsP s IND) INTX
T HFX
C IMPUIT INTX
€ 1) INTERVAL—— ENT%
C G(2) INTERVAL INTX
C O FPUT - s INTX
C P(2) = F{2) IF NO INTERSECTION INTX
¢ et 2N T ER S ECTFONG+2) F
C IND INDEX =0 IF NO INTERSECTION INTX
¢ =t——FF--FNTERSECTION HYF%
C INTX
A RN S TONF {2 s G2y Pt 2y ——HNTX
nn3 IND=1 INTX
frvdyr ettt T F T I eo-To8 FHTFX
nns F=F{2) INTX
6 F2r=F{11Y INTX-
nny F(1)=E INTX
8 G t2 st 6t GO —FO-L 2~ —~ INTX
nna E=G(2) INTX
-6 G0 =6{1) HEF%
N1 G(1)=F INTX
A At 2 T G ORG G2 e 6T F T 60 —F0—26- e TRNT%—
n13 P{1)=G(1 INTX
1 P2 =612 ENTX
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15 HAG e 6T P e t=Ft) NFX
n1sk IFIFID)eGT«GI2VIP(2)Y=F{(2) INTX
TF TN TR

ﬁZQ IND=" INTX

2P t=F{T) - HTX
n22 P{2)=F(2) INTX

23 RETORM IRTX

r24 END INTX

SPRETC—YY -

C IDA

C TNTERVAT ADOTTTON IDA

C IDA
orry SHRROOT INETADI{F G5 DA

C IDA

T NPT 2 TG oA

C ouUTPUT SM({2) SM=F+G IDA

€ 3 DA

nng DIMENSTION F(2)sG(2)s5M(2) IDA

e Rt 6T Pt 2160707 oA

nng E=F(2) IDA
Eiae) o r=Ft1r) oA

nng F{1)=E IDA

T TF TG T Gt2 60— TO 11 THA

nne F=G(2) IDA
BESAS Gt =611T TOA

n1n G(1)=F IDA
TTY SMITTER TG oA
n12 SM{2V=F(2)+G(2) IDA

3 RETORR TOA

014 END IDA

—SIRFTCMATT

C MATT

¢ =X TR I ERSTON AT

C MATT

rert SHRROHTINEMATENS B - MATF

C MATT

¢ TP 21353 G EN—MATRIX- MATT

C ouTPUT B{3+3) INVERSE MATRIX OF A MATT

Lo ¥ FREEX =—FOR—REOH—SHNGHHHEAR—MATREX AT

C =0 FOR SINGULAR MATRIX MATT

€ MATT

nn2 DOURLE PRECISION A(343)sB{(343)4DET MATT

2 T—i=1 MATT—

nnz DET=A(1s1)%A(2s2)%A{3s3)+A(1s2)%A (253 )%¥A(391)1+A(1:3)%A(291)%A(352) -MATT

AT ST At 2 A A T A i P AR A S S A e A S B A R M ATT

nng IF(DARS(DET ) eLToleD~15)1G0 TO 15 MATT
A [] - T L 4 - L] k]

nng %(],2)=-(A(1,7)*A(3g3)—A(193)*A(392))/DET MATT

ey $3T= 1 3= 5

nng R(?sl)——(A(?91)*A(393)—A(?93)*A(391))/DET MATT

(ARA T o T A s AT ST e A e A S A B ET AT

n1o B(2923)==(A(1s1Y*A(253)-A(2+s1)%A(1,3))/DET MATT

s - 4 W4 i -

012 B(3+2)==(A(151)1#A(3s2)=A{152)%A(3,+1))/DET MATT

—r13- B33 3=tAtIs ¥A 232 ) =AtI 2 Aty T DET HATT

014 RETURN MATT

- fr=ty - MATFF

n1é RETURN MATT

o7 END MATT-

SIRFTC CHECK

€ - ; -CHECK
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€ PATACHECK g CHECK
C CHECK
—0e GHRR O INE—C M M B SHEEK
C CHECK
— NPT M——SUBSER P+ FOR—ARRAY AR ————— - CHECK—
C OUTPUT N INDEX =1 OUTAGE IN DATA CHECK
C =2——ERROR—AVERAGEDOUT CHEECK
C =3 BAD DATA CHECK
s siemnn e S RA- B D E AR RAND P E AR O €
C CHECK
OO COMMONTART T 306 ) s CKEIMt e ) m /0 /0 0  m—m  ————————————————————————CHECK—
N0201 DIMENSION R(3)sDB(3) CHECK
202 N0 23 1=133 CHECK
”0203 B(IN=DR(I)+5.00 CHECK
T3 T A S AR T = AR Sy M= s T O0v S IGO0~ 06 CHECK
004 TMIN=60,0 CHECK
19239) GO—TO—7 CHECK
006 TMIN=AR(6sM) CHECK
—-eo7r——F M i=ARt =+ Rt 5=+ K
nns TIM2=AR(TsM)+60G*TMIN CHECK
orYer -t st r=TitM2 st e e O 6o CHECK
n1n N=1 CHECK
L RETTRN : CHECK
's CHECK
C CHFCK—FORBTTERROR-— CHECK—
C CHECK
oo PAV R AR L CHECK
N1971 A1=POLY(JsAR(JsM)) CHECK
1o A2=POLY IS ARt M=11) CHEEK
n2n IF{ABRS(A2-21)eCGTe240)1G0 TO 22 CHECK
2t RETHRHN CHECK
n22 N=2 CHECK
oS o2t CHECK
N23071 Al=POLY(KsAR(K sM)) CHECK
=4I F ARSI AT« GT-RtK VGO -TO -3 CHECK
C CHECK
€ AVFRAGF - OUT BIT FRRORS - o mmmmm e s EHECK
C CHECK
-5 26 t=1%% o s . CHECK
N2501 Al=POLY(L-AR(LsM+1)) CHECK
—A2E— “FFAABRSt AT Yo 6T R FGO-FO - 35 e e - CHECK
027 DO 29 LI=143 CHECK
2T AT=POEY U T AR TaMYy Y o e e e HE K-
© 02702 A2=POLY(LIsAR(LIsM~1)) CHECK
e B B AR A Pt I G P O T AR T A w5 AR By M T P+ AR e EHE G i
n29 CONTINUF CHECK
AR R P RN e e CHECK—
n21 NO 23 LK=147 CHECK
TORTOT AT =P O I AR Ry MY Yy e e e e CHECK-—--
n22 IF(ARS (ALY «ATLRB(LKIIGO TO 35 CHECK
P g A R K M e S AR Ty M T T AR G K s i Ty CHEC K
N34 RETURN CHECK
A5 N=2 i ——EHECK
136 RETURN CHECK
38 ENY - T e e s e e - CHECK -
STRFTC TRANSF
- e — FRANSF
C SURROUTINE~-MULTIPLY VECTOR BY A SQUARE MATRIX-~LINEAR TRANSFORMAT

>t SHRROUTINE MATVEC YW sRY -
nn2 DIMFNSION Y(353),4W(2)sR(3)
AT RETIEY T TR LI Y 152 2yt T3 ) ot 3y e
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gL RAI Y=Yt o5 DT 25 2 2 Y2 33
nns RI2)=Y (351 ) %W (1)4+Y (321 %M(2)+Y(33)%¥W(3)
aasrer RETHR N
nny END
STRFTCRELT
C RELT
T ADDITIONOF TIME— RELCT
C RELT
Frirt SHE RO TFINFE—RF-T It T REATTY —RETT
C RELT
C REALTT IV —="3"ARGUMENTS RELT
C INPUT RELT
€ T T E—TR-T RELT
C M{4) TIME sDAY~HR-MIN-SEC RELT
< O TP RETT
C REALT(4) TIME +DAY~HR-MIN-SECy (REALT) = (T)+(M) RELT
€ RELCT
nn2 INTEGER - REALT(4) RELT
63 REAMH2) RELT
005 J=T RELT
i) Xo=3 REF
o0y X=M({3)+XJ RELT
8 Y=t T=XJdr*6s RELT
nng 7=M{4Y4Y RELT
A7 T e 60 IGO—TO T4 RET
N1l REALT{4Y=Z2—-6D% RELT
e X=t S TR TS RELCT
N13 GO TO 15 RELT
—rtH— REAETH =2 RELT
n1is TF{XelLTeb606e1GO TO 19 RELT
—fri6 REACT 3 =X=60% RELT
~17 Y=M{2)+1e RELT
e GOt 2T RELCT
n19 REALT{(R)=X RELT
o v RELT
n21 IF(YelLTe244)G0 TO 25 RELT
o2 REACTI2r=Y=2% RELT
n23 REALT(1)y=M{1)+1. RELT
e ETTIRN RELT
n2s REALT(2)=Y RELT
026 REACT IV =MTT) RELT
028 RETURN RELT
—029 END RELT
SIBFTC IANG
- FANGES
COMPUTATION OF IMTERVALS FOR ANGULAR POSITION IANG64
TANGES
ak} SURROUTINE TANGPS(LsMesTHsID) TANG64
TANGES
TANGPS ~ 4 ARGUMENTS IANG64L
FHHR ~TAMNGES
L. INDEX PITCH FOR L=1 IANG64

=R T APNC AL
LI AN TATNOUN

1
ROLL FOR L=3 TANG64
1

LV EN
AW

COAnR AR AN A
IaXi

oyt SUBSERIPFS—FOR—ARRAY FANGES
1D TIME IN DAYS FROM JAN IANG64
BHFPUT — ey
TH(2) INTERVAL OF ANGULAR POSITIONs (UPPER,LOWER) 1ANG64

T ANCfot

FAINTUOY

02 DIMENSION TH{2)sTHX(2) s THY(2) s THZ(2}sT1{(2)1T2(2)sT3(2) TANG64
—HO2 O COMMON—ARET I ECKEIMt 6D ————————————————————————————— T ANGE4

sAndadndbndngd >3nd
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— O3 COMMONZCANOP I CLOCKFEANBP2 7 CONE L2 75— ANG 64—

IANG6E4

T A NLL L

&
EX YA LA 4

IANG6E4

A ML Lt

IR S S Y [T X . )
UeUT 05U T JVU=TUTIOY

T
00401 IF(IDsGT«330) JD=ID-331

T
TANOUY

TANGE4

—OS—THETAT=CLOCK s T H53 293 k=0 TANG64—

006 THETA2=CONE(JD)*.1%453293E-01

IANG64
\avE Cr=wCO S+ FETFATY TANGEH
nng C2==COS{THETA2) IANG64
09 ST=SINCTHETATY TANGE%
010 S2=SIN(THETA2) IANG64
AN {1+ EQeIIGOTO 16 TANGESS—
niz DN=AR (L ¢M) IANG64
T IFANGES
C POLY IS CALIBRATION FUNCTION IANGE4
L TANGES
013 TH(1)=POLY(LsDN=457) IANG64
ota THH 2 T=POL Yt DN+ 5T TANGEH
n1s RETURN IANG64
orTs AR T MY FANGES
C IANG64
e NEED O CAL CULATE TH FOR PITCH ARDYAW—TO OB TAIN-TH FOR—ROCE——TARGES—
C IANG64
—T T THX TSROt ON=35T) TANGES
n18 THX (2} =POLY(1+sDN+457) 1ANG64
e P=ART25MY FANGGS
n20n THY (1) =POLY (2 +sDN=e57) IANG64

2T THY 2 =POEY 23D+ 5T

T- AN L ds

nz22 DN=AR(3sM)

TATYQO U

IANG64

T-A DL

P23 THZ T PO Y 35BN g7 Oy e

TTRIN OO

nz2a THZ (2)=POLY (3 sDN+,.70) IANG64
avae L =% I SN Q6142 0§ M S P 2 A FANGGS
nz26 CALL TSMULT(THY9#S1sT2) IANG64

T-AN L

— PP CALL AR Ty TR T — -
028 CALL ISMULT(T35C2,T1)

THRINOUH

IANG64
—O29——CALETADDtETHZ S FIs T2y o FANGE4—
030 A=1e4/52 IANG64
S & o 15 (LS ¥ 2 G NS M 1o B S e O ot S R FANGES
n32 TH(1)=T3(1) IANGO64
33 FHAE 2 r=T3(2} - ———TANGE4-
N34 RETURN IANG64
35 END - PSR S i e e s FANGGES -
ST8FTC TANG
C - ANGEF—
C COMPUTATION OF IMTERVALS FOR ANGULAR POSITION IANG67
C TANGET
NNy SURROUTINE TANGPS(LsMsTHsIN) IANG6E7T
C "' TARGET -
C IANGPS = 4 ARGUMENTS IANGET
T TP TANRGET
C L INDEX PITCH FOR L=1 TANGET
€ - AW FOR- =2 TANGET--
C ROLL FOR L=3 TANG67
€ | SUSSERIPTS -FOR-ARRAY AR e ANG 6T
C n TIME IN DAYS FROM JAN 1 IANG67
€ OHTeHT FANGET
C TH(2) INTERVAL OF ANGULAR POSITIOiMs {(UPPERsLOWER) IANG6T
C - TANGET
ong DIMENSION TH{2)sTHX(2)s THY(2) s THZ(2)sT1(2)sT2(2)sT3(2) TANG67
—O2ATCOMMON- ARCTT 5306 5 CKLTWE6 ) wDEL TANGGT
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AR COMMENACANO P I A EEE KA EANO P AEONEH 3 5 —m—mm—e—mm——————— ——————————— T ANG 6T

C TANGET
< FO—=—F AT ER AN TN BAYS * FANGEF
C IANG6ET
SO JO=1D=16% TANGET
nng THETAL=CLOCK*,417453293E~C1 TANG6E7
os TRETAZ=CONE (IO T®e TT453293E=0T" TARGET
0n7  Cl=-COS(THFTAl) TANG6T
[RARES] CZ==COOSTTIHC TRZ) II—\NUOF
0n9 S1=SIN(THFTAL) IANG6E7
Y SZESTNTTHRETAZY TANGET
N1l IF{LeEQe3)GC TO 16 IANGSET
12 AR ™Y TANGE T
C TANG67
T — Oty ST CAT I BRRAT IO FUNC T TON TANGST
C IANG67
T TH I =PotY S DN=<571 FANGET
214 TH(2)=POLY(LsDN+.57) IANG6T
15 RETHRN TANGET—
~16 DN=AR (1 4M) IANGET
o TANGET
C NFED TO CALCULATE TH FOR PITCH AND YAW TO OBTAIN TH FOR ROLL IANG67
C TANGE T
N7 THX(1)=POLY (1 +sDN=o57) IANGBE7
T8 THX 2 T =POCY DN+ 5T ANGET
nto DN=AR {2 sM) IANG67
oY IRER T i AW M G WA A e o HARGET
nz21 THY(2)=POLY {2 sDN+4,57) IANG6T
22 ON=AR 35 TANGET—
nz23 THZ(1)=POLY(34DN=,75) IANG6E7T
T2 THZ 2 ) =POL Y (S3sDN+=375) TANGET
025 CALL TSMULT(THXsC1.T1) IANG67T
R4 Rt I ST T Tt TR S SIS T2 TANGST
n27 CALL IADDI(T1+T2sT3) TANGET
28 CAtE SMHETHT3sC25 T TANGGT
029 CALL IADD{(THZsT1sT2) IANG6T
3O A= +7/52 FANGET
031 CALL ISMULTI(T2sAsT3) IANGET
32> FHr=T9t1) FANGET
033 TH(2)=T3(2) TANGET
34 RETHRN TANGET
n3s END IANG67
~FITRFTCMNRT
C MINRAT
- ~COMBHTATF OGP RATF TN EREMENT P4 HRRAT
C MINRAT
E] L] k] Yy
MINRAT
—C y ! MENRAT
C INPUT MINRAT
A A O R N S S R P RES TN T PARA R S e R R AT
C WP (3) COEFFICIENTS OF LAST PARABOLA MINRAT
— N NUMBER-OF PO INTS USED—INAST PARABOEA———————MINRRAT—
C DFLT TIME BETWEEN 2 POINTS IN MIN MINRAT
———————— M F ) STARTFING T IME—oF LAST PARABOLASDAY—HR—MIN—SEC—MINRAT—
C OUTPUT MINRAT
—— e R A T I R T R A T T TN E R B E N S — - D R e e e MR AT
C REALT TIME OF FIRING,DAY-HR-MIN-SEC MINRAT
C DEDZON— DEADBAND § MENRAT
C INDCAT INDEX =1 COMPUTATIONAL ERROCR MINRAT
C =0 NO—COMPUTATIONAL ERROR MINRAT
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€ N MINRAT
00101 COMMON/LVT/LEVOUT MINRAT
spera DEAERS TIOR3y RP-3) MENRAT
00201 INTEGER REALT(4) MINRAT
20— REAT—MIItEY MINRAT
nNN203 FL=14. MINRAT
20 HFEEVOUTSEQe 2T Fi=23 MINRAT
003 INDCAT=0 MINRAT
iy ==t MEMRAT
C MINRAT
C SHTFT PRESENT  PARAPOTA—AND SOCVE OUADRADTCEQUATION—IN—TF MINRAT
C MINRAT
5 SHIFT=X®*DELT MINRAT
nNoe A=WP(1)=-W{1) MINRAT
rer7 Bt 2y F 2t T S HTET=t2) HENRAT
008 . C=WP(3)=(SHIFT*##2)#W (1) +W(2)*SHIFT-W(3) MINRAT
A SO T D=B RN =4 A*C MENRAT
ongnN2 TF(D)19s9+9 MINRAT
09 DIS=SQRTDY M NRAT
010 T=(=B=DIS)/{(2«%AY MINRAT
T ARt S T=T 1 e FE D EL TG FO—1% PEERAT
N2 T=(~-R+DIS) /{2 %A) MINRAT
3T I ARS tSHIFT=T e GTe FEHDELTIGO—TFE—19— > MENRAT
Nl4 RT1=2¥WP {1 )*T+WP(2) MINRAT
—A15——RTF2=2% ¥ty et T=~SHEET Y+ 29 MENRAT
nils RATINC=(RT2-RT1)*¥1N0e /6% MINRAT
T BEA7 OBt T S P 2 et P S HENRAT
N17291 CALL RELTIM(TsMJIJSREALT) MINRAT
18 RETURN MENRAT
n19 INDCAT=1 MINRAT
Al RETORN S MENRAT
n21 END MINRAT
T RET MRV SON
C MRVDSN
—————ANGUCARPOSTTION VS PAT A NUMBER -~ AT BRATTOR-FOR MV ~67 MRVDSH
C MRVDSN
—AA T FUNRCT I ON-POLY tLsDN Y e e - MRYD SN
nny DIMENSION A(643) MRVDSN

e B F A s E s b8 /2 5 SR 605 e 92 09505 4 yu IR BFEBOE— G 2B PRI BEE—MRY-DEN—

0N31 $5-0330e21335972E~05+—266782966E-08,28+0462415~

1e0178037520517513E~

MRVDSN

—839— At =2 85 TP 125 E~ 035 20T 8200 E—05 5y~ 63998052E~0 852 1414 102>—+ 323794 T —MRYDSN—

NN33 $14411165728E-019~e34020915E-03,0

¢33585269E-05 4+~

«10896906E~07/

MRVDSN

vty BOY =R T 5 Pt T ) ¥DNFATR v L) DN R X 24 & t4 o Lo P * DN SHALSFET R BN HAL 6 MR VD SN
NNG1 ) %DN¥XS MRVDSN
s RrErtR MRS
nneG FND MRVDSN
S FRFTC—MRYSBHM
C MRVDOSN
—————ANGUEAR-POSTTTON-VS DATA - NUMBER——CAL I BRATION—FOR—Mit—64 MRYDSH~
C MRVDSH
Frévy FORETHER-Pot Y-ty MR DS
nng DIMENSION A(&443) MRVDSN
Y3 BATA AT T s =1l 512 ) 713 816884y =e 2 76387035« 138344 48E-025—+ 70307050 MRYDEN
NN31 SE~N%4173, 816884;--?76?97039o138?+448F 029—070J070 OE 05926 Ss—ellb4s MRVDSN
AP G g g g T e s — e MRVDSN -
nng POLY=A{ 1oL ) +A{28L)¥DNFA( L) ¥DN*%24+A (4L ) ¥DN*33 MRVDSN
sy RETfR MRYDSN
nnNeG END MRVDSN
S IBRFTCANGLE '“ - —
C ANGLE4
C THIS TS FOR MM=64- - - e ANGLE4
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AN £
K AN LS

01 BLOCK DATA ANGLES
7 COIHPORACAMNOPEAEEOEK - A t4
n3 COMMON/CANDP2 /CONE(275) ANGLE4
e COMMOR 7 COFFF7 AR t453Y) ANGEES
ng DATA CLOCK/—«56END/ ANGLES
3 DATE—(CONETT IS T=1375T7 ANGLES
eird ] 17180y 1M1 495, 102409, 10223, 102636 ANGLEGS4
8343 T ues T2 ETS s e T2 835 P23 NGt ES
09 3 173473 1703413 103421 1N330, 1036478 ANGLESG
T s T ES S T33525 103558 TO3e64s T3S0 ANGEES
11 5 1N3475, 103479, 102483, 10387, 102490 ANGLE4
T2 & T3993s T35 103597 T63+98% 0395 ANGTEE
13 7 104 400 10400 104400 10400 103499 ANGLE4S
T 3 T 3eF s T35S 6s e oEs —TUSeSTS To3e 89S ANGHES
15 9 103485 103482 103478 103874, 103705 ANGLESG
16 T 3 eE 5 360 T3 955 IT3+49s T3 e43s ANGEES
17 2 1N3a37 103430 103424, 103216, 103609 ANGLE4
T8 ) T3l T4 T02+ 86 102775 102695 ANGLES
19 4 1N2 460, 10251 102442, 10233, 102624 ANGLE4
r 5 TS S SErarguasi TOT=o5s =853 O TaS ANGETS
21 6 10164, 1016539 101642 101e31, 10120/ ANGLE4
7 BATAtCONE T S IT=765 1597 ANGEES
23 7 171400, 1“0-974/ 107485, 10074, 100e62> ANGLE4
24 8- —F 45 iﬁU0373 10025y 012 59495 ANGEEH
25 Q9 G986 Q973 99460 S9el4 T, 99634, ANGLE4
76 T A N waTE] EAEIUCE] AT AR v T8 S g EhT ARGt
27 2 9850, 984369 98421 98075 9792 ANGLES4
78 &) STe T8 FTE3S QT4 8 GF I3y FFe ISy ANGLES—
29 4 Q7 ey 06489, 9beTls 96659, O6eltry ANGLE4
5 96713 ST Ty 95w Sy 95 84y 95+ 7Oy ANGLESF—
21 6 95454 05 439, 95425 9510, QL e95, ANGLE4
~%2 7 T B TEe GG L T Rere e 38y A=) ANGEES
33 8 Q4410 93637 9383 03669, 93656 ANGLES4
og-g 4 P35 E2 33528 93T 59 e 02y 97+ 88y ANGEE
35 1 9275 9262 92448 9235, 92220 ANGLESG
36 2 —S5 2575 1963 91835 ST+ 70 Sts 57Ty ANGETS
37 3 91lebbs 9131 9118 Gle05s 9093/ ANGLEG
e ATt COREA T v I=15T5225 T+ ANGEES
39 4 NGB, ON .68 9N e55Hs 9Ne4 3, 9030y ANGLE4
2 5 e 18 EAMC i 89993 85+ 8T —89% 65y —ANGEES
41 6 8«57y 89 &by 8932, 8920, 8908 ANGLE4
¥4 7 LErELE) BBCHS TR 88+603 8&+e49s ANGLES
43 8 88437 884725 8813 8802 8790 ANGLE4
e223 7 BT T8 BFe66 (SR g s S trIs B Fe52y —ANGHEES
45 1 87420 BT74N8s 86497 86485, 86e Tl ANGLE4
o6 pd 86623 65T 86395 86+ 273 8616y ANGEES
47 3 86e04 85493, 85482, 85470, 850599 ANGLES4
LTS M3 B85 u8 8536 8530 854 8502y ANGEES
49 5 Bhe91y 84480 84 069 84458 BhelTs ANGLE4
= ] Ed ] . B
51 7 83683, 83469 8358 83047 83636 ANGLE
53 9 8271 82609 82450, 8239 8228/ ANGLE4
S HATAECONET 5 T=2265275)7 ANGLES
55 1 82418 82¢N7s 8le96 8le86 81475 ANGLES
56 2 o Ry eL ) (op AL Lo b ok -B+33y Bt 22y ANGHES
57 3 8l.12 814N2 8491 8081, 80e700 ANGLESG
58 23 e 603 B ors 809395 80295 80+ 19 - ANGLES
59 5 80409 79698 79«88 7978 7968 ANGLESG
&1 o] T3 585— T9E8y 795383 F9 28 F9+ T8 ANGEES
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&1 T T8 T8+98% 85885 T8+ 7879 78966 ARGLES
62 8 TBa58 78448 78385 7828 78.18s ANGLE4
& S 3505 FF53Sy 589y FFoFy FFeT-Ory AebtrtE4
64 1 TT7e60 TT7e500 TT7e40, 7730 77620/ ANGLE4
— 65— —PATAtAA T T s =15 121713+ 8168845~ 27638703 ve 13834448 E—~02v— 70307050 —ANGLES—
66 GF=N5313e8168849~e276387TN39013834448E~029-e70307050E-05926e59~0414s ANGLE4
N A N At v ANGLEES
68 END ANGLE4
STFRFTC—ANSEE -
C ANGLEY
— RIS TS FOR-MY=6T— ANGLEET
C ANGLET
1 BLOCKDATA ANGLET
ny COMMON/CANOP1 /CLOCK /CANQP2/CONE{135) ANGLE7
™3 COMMON7COEFF7ATE 3 37 ANGEET
ng DATA CLOCK/ «45E02/ ANGLE7
ilss DATAGCONF I 5 T=85 75 17/ s 76715025 e TETO0EN 2y T668E 02y ANGLET—
na 8 e TELEEND, e T665E02 « TH64EDN2 s « T663E02 ANGLETY
7 & S TE62E02S s T663ED2s +T663ED2s s 16645025 ANGLEET
ng 8 e T665E02, s T666EN2 e T668E02 e 7T6T70E02Z ANGLE7
e 8 TTET2EN2S T TETSEC2 T T T8ED2y T EO2y ANGEET
10 8 e T685E02y « 7689E02 e« 7694EQ2 s e 7T699E02 ANGLET
T 8 STTOUER2y— " STTIOEO02S s TTI6Ee2y s 17122002 ANGEET
12 8 o TT29E02, e 7736E02 e T7T44EN2 s « 7752E02 ANGLET
13 8 e T T60E02s STTE9EO2y - s TTT8E02s T8 TEDZ s ANGEET
14 8 s TTOTEN2 « 7808E02 s « 7819E02 » 7T830E02» ANGLET
™5 & CRA L Y aare ST ESHENSS T S66ET2y e TIE 2y ANGETT
16 8 « TBAPEND2, e 7T906ENZ e 7T920EN2 «7935EN2 ANGLE?7
—17 e TOH O 2 e T 9EEEN2 Y T T982E02s s 1998502 ANGEET
18 8 «801BEN2, «8N33E02 «8051E02 «8069E02, ANGLE7
o g e B OREF Ay vBIOTED2S B2 7ER2y =8I TEO2y——————ANGLET—
2N 8 «B168EN2y «8189E0D2 s +8210E02 «8232E02 ANGLET
t 's] T B2 5E02y 82T 8EO2y 830202y + 8326502y ANGEET
?? 8 «B35NEN2, +8375E02, «8400ED2 «8426E02/ ANGLE7
—o 3 PATAHEOREt T+ I=765139) 4+ 8452E02s - B579E62 3506502y ANGEET
24 8 e8534E02, e8562E02 «8590E02» «8619E02» ANGLET
25 8 s 364592y + 867802y 8708 EDEy——— w8392y ANGLET-
26 8 «BTTNEN2, «8801E02 «8833E02, «8865E02 ANGLE?7
G g BB G Gy B G PG gy B GG P A By e 359 S e AN G
28 8 2 ON29EN2, «9062E02 s 2 9096E02 «9130E02 ANGLE?T
—oo—g 591652y 9IS 9ERZy 5923302926802y ————ANGLET—
30 8 «93N3FEN2, «933TEQ02s «9372EN2 +940D6EQD2 ANGLET
3T 8 TOHLYED 2 SO TSEDZ2y = 95 10ED2y — 9542y ——————ANGLET—
32 8 «9578FEN2 «9612E02 e 9645E02 » «967BEDZ ANGLET
— gy ST A ey O AR O Sy 9P S B 2y I B O O Ry A NG
34 8 «9837EN2, «9868E02 «9898E02> «9927E02 ANGLET
—35—8 % 9955F 02y 9983 E62y 1001 0E03y 1003 7EO3y——————ANGLET—
36 8 «10064E03, «10090E03, «10116E03, e 10141E03, ANGLET
— 8T8 TOT65EN3y 1 0188F03 vy = 10210F03y———10231E03y——————ANGLET -
38 8 -10252F03/ ANGLEY

40 $-N3 90N 2133597?E 059~o66782966E 08,28.0462419—1 01780375420517513E~ ANGLEY

T 50T = 285 T2 125 =035 20782001 E=053=363998052E=0868+2 1414102 >=+ 3237947 —ANGLET—
42 $19e611165N38F~019=-434020915E~0350433585269E~05+=010896906E-07/ ANGLE7
L] END ANGLET

$IBFTC CANCOR

¢ : CARCORY:

.C THIS IS FOR MM—64 CANCOR4

— YO U AL SO NEFDSUBPROGRAMBLOCK DATA— - CANCORSG—
C . CANCOR4
o1 SURROUTINE—ANGPOS(BvE5I) CANCORSG
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€ CANCORS
C SUBROUTINE ANGPOS HAS 3 ARGUMENTS CANCOR4
- NPT Byt - ~CANCORY
¢ B(l1y = PITCH MEASUREMENT CANCOR4
¢ BTZT‘2*YKW“__ME#SUREMENT CANCOR%
C B8(3) = ROLL MEASUREMENT CANCOR4
C . T RKTETIME T T — —CANCOR%—
C OUTPUT C . R o . . CANCOR%4
—C ¢t r—2 y ; Tt e ————

C C(2) = YAW IN MILLI—R@DIANS  ) ’ CANCOR4 -
—¢— : <3y = ROtt——TN—MTttT'R#BTﬁNS——*f“‘—‘-‘—“—“—“——“———"*fﬁﬁﬁeR#—
C ) ] - ot o . CANCOR4
—f—BOIMENSTON- Bt ety — — — - CANCOR&—
03 COMMON /COEFF/AA(443) ‘ - ’ ’ . CANCOR4
T COMMON 7 AR P T 7 CLOCR 7CANO P Z 7 CONE T2 73T —CANCORTY
C ' - - CANCOR4
———— IS TIME— TN DAYS—FROM—tANCH——— - CANCOR&—
C K Is TIME IN DAYS FROM JUAN 1 | o ) = CANCOR4&
C CONE(K)=CANOPUS CONE ANGLE IN DEGREES CANCOR4
- - - : —— e = CANCORY
05 IF (KeGTe330) J=K-331 ) : -t CANCOR4G
06 K ETs330 ) Jd=K+3% : S CANCORS
n7 THETA1=CLOCK*¢17453293E~ Ol CANCOR4
c ‘ CANCOR4%
T AT SR AT O O ANGU AR POS T T IO FROMDATANUMBER CANCORT—
C P = PITCH MEASUREMENT IN MILLI-RADIANS CANCOR4
- Y=Y AW T MEASUREMENT ITN—MICEI=RADTANS — " CANCORS—
C - R = ROLL MEASUREMENT IN MILLI-RADIANS CANCOR4
—C ] —CANCORS
09 P=(AA(191)+AA(291)*B(l)+AA1391)*B(l)**2+AA4451)*B(1)**3) CANCOR4

- E] k] E]
11 ‘(AA(193)+AA(293)*8(3)+AA(393)*B(3)**2+AA(493)*8(3)**3) CANCORY%
12- CI=COStTHETALT CANCORY
13 C2=COS{THETA2) CANCOR4
T SI=SHNTHETATLY CANECORS
15 $S2=SINI{THETA2) CANCOR4
6 tr=F —CAMCORY
17 c(2y=Y CANCOR4
¢ - : - : —CANCORE
C THIS 1S SMALL ANGLE APPROXIMATION - SECOND TERMS NEGLECTED CANCOR4
(G CANCOR%
18 C(ﬁ)—(R C2*(+P*C1+Y*Sl))/52 CANCOR4
TS RETFHRN CANCORY
20 END CANCOR4
—S$IBFTCCANCOR -
C CANCOR7
—C THIS TS FORMY=67 CANCORY
C - YOU ALSO NFFD SUBPROGRAM RLOCK DATA CANCOR7
< CANCORT
01 SUBROUTINE ANGPOS(B,C,K) CANCOR7Y
€ - CANCORT
C SURROUTINE ANGPOS HAS 3 ARGUMENTS - CANCOR7
€ NPT Brsik CAN&OP7
C B(1) = PITCH MEASUREMENT CANCORY
€ B2 =AW MEASHREMENT ~EAPREORF
C B(3) = ROLL MEASUREMENT CANCORY
€ K—=—TIME —CANECORT
C QUTPUT C CANCORTY
C— =P HFFCHIN- ML ERADTANS —CANCORT
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€ €2 =AW IN-—MIEE—-RADTANS CANCORT
C €(3) = ROLL IN MILLI-RADIANS CANCOR7
02 DIMENSION B(3)sC(3) CANCOR7
€3 ~COMMONACOEFF7A+t633) CANCORT
04 COMMON/CANOP1 /CLOCK/CANOP2/CONE (135) CANCOR7
A~ \-n“\,ul\'
C J 1S TIME IN DAYS FROM LANCH CANCOR7
C CLOCK =X-=AXIs CLOCK A GLE IN DEGREES CANCORT
€ CONEHE)=CANOPUS—CONE—ANGLEE—IN-DEGREES CANCORT
C CANCOR7
o5 Fl=164 CANCORT
06 THETA1=CLOCK*417453293E=01 CANCOR7
F FHEFAZ=CONEt ¥ 7453299 E~0F CANECORT
C CANCOR7

—f?————f%tfBRﬁ*%eN—6F—ﬁNGUtﬁR*PGS%?%ﬁN_FRGM—Bﬁ$ﬁ—NUMBER*'—”"——b————————‘—-EAN€GR4—
C = PITCH MEASUREMENT IN MILLI~-RADIANS CANCOR7
C \‘I e YAW 'lEASUr\LlIL’\[| ll‘l PQILLL RADIA:\:S \."\l‘l\.ul\l
C R = ROLL MEASUREMENT IN MILLI-RADIANS CANCOR7
~ A ATNUCUIINT
08 Pz(A(1s1)1+A(291)%¥B(1)+A(3s1)%¥B(1)¥¥2+A( 441 )#B(1)%*¥%3 CANCOR7
€9 HACS ST BT O ACE S TR B %%5) CANCORT
10 Y={A{192)+A(2s2)XB(2)+A{392)%¥B(2)%#2+A {442 )%¥B(2)%*%3 CANCOR7Y

I IFACS I 2 B2 KA E S 2 I X B2 %5 CANCORT
12 R‘(A(l’3)+A(293)*5(3)+A(393)*5(3)**2+A(4;3)*B(3)**3 CANCOR7
3 a0 - W e M S B = S o T B S R WGl A CANCORF
14 C1=COS({THETAL1) CANCOR7Y
15 C2=COS+THEFAZY) CANCORT
16 S1=SIN(THETA1) CANCOR7
7 S2=SINETHETA2Y CANCORT
C CANCORY

oo S S-S A ANGEE AP PROX I MAT HO N~ =S ECOND—TERMS~NEGEEEF e CANCER+—
C CANCOR7
18 H1=P — CANCORY
19 c(21=Y CANCOR7
26 3= R=C2HA—PHETHHELAS2 CANCORY
21 RETURN CANCOR7Y
2P NG CANECORT
C

—€————A—PLOTFERROUTFINE TS ALSE-NECESSARY —— o

C JPLT3 WAS USED WITH THIS PROGRAM
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